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UDC 551.509.313
NONADIABATIC MODEL OF SHORT-RANGE WEATHER FORECASTING
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 6, Jun 79 pp 5-14

[Article by Candidate of Physical and Mathematical Sciences V. P. Dymnikov

and A, V. Ishimova, Computation Center Siberian Department USSR Academy of

Sciences and West Siberian Reglonal Hydrometeorological Institute, submitt-
ed for publication 4 August 1978]

Abstract: The article glves a description of
a nonadiabatic weather forecasting model for
a broad territory on the basis of the full
equations of hydrothermodynamics for a per-
iod of 72 hours in advance. For solving the
transfer equations use is made of difference
schemes of the fourth order of accuracy with
a smoothing operator, also of the fourth or-
der. Phase influxes are taken into account
in the heat influx equation. The boundary
layer and orography are parameterized. The
flelds of geopotential, temperature, wind,
dew point spread and steady precipitation
are precomputed, The results of numerical
experiments for predicting the fields of
geopotential, dew point spread and steady
precipitation are given.

[Text] Introduction. The weather forecasting model examined in this study
1s a natural development of the model described in [6].

Before proceeding to a detailed exposition of the equations for the model
and the results of numerical experiments we will briefly discuss those
changes and additions which have been introduced in this version of the
nodel. We have introduced a description of the planetary boundary layer
and orography, computed the fields of humidity and steady precipitation,
taken into account the phase influxes of heat, and also have changed the
method for solving the transfer equation. The experience of work with a
nonadiabatic short-range weather forecasting model, used in the routine
practice of the West Siberian Regional Hydrometeorological Institute,

1
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Indicated that the use of schemes with a second order of accuracy for
space variables for solving humidity transfer equations introduces large
errors (both phase and amplitude errors) as a result of the significant
nonmonotonicity of these schemes and the great spatial gradients of humidity
flelds. The use of a special structure of the humidity transfer equations
{3] only partially eliminates this problem. Therefore, in this study we
have changed to schemes with a fourth order of accuracy for space vari-
abies in the transfer equations with a smoothing operator also of the
fourth ovder [13]. These numerical experiments with model initial con-
ditlons indlcated that this scheme, although it does not belong to a class
of schemes with an even exponent [7], is one of the best for describing
generalized discontinuous solutions. Since a fourth-order scheme in smooth
solutions in essence has a lesser phase error than a second-order scheme,
it 1s also used in a model for solution of the equations for transfer of
heat and moment of momentum. The above-mentioned operational model (5]
uses a special structure of the equations [3] for computing the humidity
and precipitation fields; this requires direct computations of vertical
currents in the atmosphere for computing the phase transitions of moisture.
It is known that the problem of computing vertical currents in the atmo-
sphere is very complex and as yet has not been completely solved. There-
fore, in this study we carried out parallel comparative computations of
the humidity and precipitation fields using the equations proposed in [3]
and the generally accepted equations [11].

In conclusion we will discuss the problem of introducing of orographic non-
uniformities of the earth's surface into numerical weather forecasting mod-
els. Lf one speaks of the joiut description of the planetary boundary layer
and orography, this problem has not yet been solved. Moreover, we feel it
has not even been clearly formulated. Along these lines the source [2] is
rather interesting; we have used these results in our model.

Formulation of Problem

We will examine a baroclinic nonadiabatic model of the atmosphere in a
quasistatic approximation in the coordinate system x, y, p in a stereo-
graphic projection. The equations of the model, first reduced to a semi-
divergent form, read as follows

ou U mu ou_ —l-m""U-o-‘i- L1 du _| omiuu
ot M T oy T % YT Tox
1 am 1 a oz (n
m-uv ur
— —_—— L —
+ 5 + 5% LU= —g5
ov 1 . Ov 1o, O I _dv , 1 omuv 2
il s A el Ml s R (2)
1 om?vv | dvz _ oz
tor—g  tT e ht=—ggm
2
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_L—(" -—-—)‘:-_-:-_i' (3)
7g \ia »
. [0 v 9t
m (5 + o) T =0 )
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[$= ph]

where u, v, 1. are the projections of the velocity vector relative to the
axes X, ¥, p;
_ 1 +sin60° |
T l+sing !
% 1s the geographic latitude of the particular point of the grid; T, z
are the deviations of temperature and altitude of the isobaric surface
from their standard values; ¥, T are the standard values of the tempera-
ture gradient (¥ =-3T/J z) and temperature; 7, is the dry adiabatic
temperature gradient; § h are the heat influxes due to the phase trans-
itions of moisture; p is the specific heat capacity at a constant pres-

sure r om om
= U =TV 7
L=1+ m( Tt )

where ) 1is the Coriolis parameter.

We note that the origin of coordinates for our grid is situated in the upper
left corner.

In describing transfer and evolution of the humidity fields in the model
we will use two systems of equations, one of which is formulated in terms
of the combination of the deficit of specific humidity and liquid-water
content [3]; the second describes the evolution of specific humidity (for
example, see [111])

0P

1 . 09 1 adp
St mus— 4 P 1 0% | dmue (6)
~ of 2 ax T m'udy +T.—0P—_T_TT+
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q1 1s specific humidity, qp is maximum specific humidity, qp is specific
water content, L is the specific heat of condensation, Yma is the moist
adiabatic temperature gradient, & 1s a function describing the process
of falling of precipitation, M is the condensation rate. In computing the
M value it is assumed in equation (7) that the specific humidity in the
clouds 1s equal to the saturating humidity and the condensation process
begins under the condition r = q3/qp>1.

We will call the first model of computation of the humidity fields model
A, and the second model B, The following boundary conditions are set on

the lateral boundaries: oT 0z 9o —fﬂ-zo

ot — ot T ot at

In order to satisfy the integral laws of energy conservation for u, v,
T we will use the condition u= v =T= 0 on the lateral boundaries of
the integration region |7]. At the upper boundary of the atmosphere (in
our case -- at the level 200 mb) we set the condition JT/dp = 0. As
the boundary condition at the lower boundary of the atmosphere we use w
= Wiy + Wopos Where w is the vertical component of the velocity vector
in the coordinate system x, y, z. For computing wyy we used a model of
the boundary layer taken from [9]. The equation for the model has the

form 1 93y 1 0%,
=T o T T oy )
—y? -
where Ty = u;sin (3!: )

2 .
- T, = U C0s (Bg — 2),

uy is dynanic velocity, }:\8 is the angle of the geostrophic wind at the
altitude of the atmospherié boundary layer, for which an altitude of 850
mb is used in the particular model, o is the angle of wind rotation at
tiie earth's surface,

The solution is obtained in the form of universal dependences on the par-
ameters Ro, é, p-, where

4
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A Qo B¥ — T 2
oe=—- GO'J , G_|/u,g-y-'vg.

Here zp is the roughness parameter, A is the convection parameter, Y is
the temperature gradient at the altitude 850 mb; Qg is the value of the
turbulent heat flux at the earth's surface.

The orographic component of vertical velocity at the upper boundary of
the boundary layer is represented in the form of the sum of the two com-

ponents
Woro = Woroy t+ Worols (10)
where - )
9% ot
: Wy = mAu G M TR
[op = oro]

5() is the elevation of the earth's surface above sea level. The expression
for Worop 1s widely accepted and reflects the fact of nonpassage of air
through the earth's surface. A more complex expression is for worgys Which
arlses as a result of nonlinearity of the processes in the boundary layers
over an orographically inhomogeneous surface. Adhering to [2], for woro,
we use the expression ‘

l wop2=a|u,,|2 A,

[op = oro] where a~104 sec.

In the function %, used in the model there is filtering out of waves whose
length is less than three grid intervals.

Solution Method

The problem (1)-(7) is solved by the splitting method. In the first stage
there is solution of a system of equations describing the transfer of the
meteorological fields u, v, T, Q?, q1 along the trajectories:

o9 1 . dy 1 . 09 | am?uo 1 omtve _

Tt meg g mvgs byt gy =0 an

Here
ty:{u.'v, T“I’-‘h]-

The two-dimensional equation (11) is in turn split into two one~dimensional
equations which are approximated using finite-difference schemes with a
fourth orde: of accuracy for space variables and a Crank-Nicholson scheme
for time. The semidivergent form of the equations of motion (11) makes it
possible to construct finite~difference schemes retaining an obliquely sym-
metric structure, which ensures an absolute stability of the schemes in
spectral norms. The difference scheme for the one-~dimensional transfer equa-
tion has the form:

5
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; A
+ 5 D= D@ b ¢ T =B DD P e (12)

Pagl — O
DO (h) ?=- ‘+|2 h ."l“r

. Fap2 = P
Dy (2 h) o= 2220

Pr41—Fk
Dyo=—F—,

Pr— Pp—-t
D_'? =—__"-_—.'

I
% ‘=7(?" 44 gf).

The term present on the right~hand side of (12) is necessary, as was noted
in the introduction, in order for the difference scheme to be close to
monotonic. The £ parameter is selected not greater than h so that the gen-
eral order of the scheme will be fourth., The system of finite-difference
equations with a five-diagonal matrix relative to the unknowns en + 1/2
obtained by solution of the equations (12), is inverted using five-point

fitting.

The equations describing the problem in the adaptation stage are approximat-
ed by difference schemes with a second order of accuracy for the space and
time variables and have the following form:

1
n

41

uttl " T 1 At 231 gnt!
ST 4 (g 7y — — L A+t = ey
At + 2 A ( +v ) ) g\ 2th
(13
z"+—'}-_. n+-l—,-
U 2 “p1”
a 2 h ’
1
+1 At =
i A L, (ur + u"++ =
3 T4 )= (14)
1 1
1 A4 — Reim e
= —%g ( Hh — N )
2h ’
1 - = 1
k, Tr+ — b, T =D RT mhy o
¥4 p’
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. Tl
b "ha—l -y -1 vl; 1= Y ‘.L_'z‘ f"T
] . —
m ( 2h 2h 4 A =0, (16)
RT
W ek + (17)
Y L &'
{sde man [ 4 man
where + 3

The system of equations (13)-(17), as in [10], is reduced to a system of
finite-difference equations of an elliptical type relative to the geopoten-
tial trend

otz ot g™ T

and is solved by the biorthogonalization method.

For describing the evolution of the humidity fields in the assimilation
stage, for model A we used the scheme

1
P " T LT L 18
- At =-(1TT’:‘J‘3‘T_ “]?‘(Ta"?u)” X (18)
3 1
X%’; :"+T —_ 6"+T].

The vertical currents necessary for computing @ in equation (18) are com-
puted from the heat influx equation (15). The accuracy in predicting the
humidity fields is determined to a substantial degree by the accuracy in
computing the systematic vertical currents T , which constitute one of

the principal dynamic factors determining cloud formation processes in

the atmosphere. A comparison of the vertical
(15), with the currents determined using the
that the regions of ascending and descending
with one another; there is a difference only
cipitation, as in [5], we used the following

movements, computed from
continuity equation, indicated
movements sgree rather well

in value, For predicting pre-
scheme for computing the

moisture accumulating in the layer, which, reachins a threshold value 2{2,
falls into the lower-lying layer. In the second scheme (B) the computations
of precipitation were made under. the condition r = q1/qp> 1. The computa-

tion scheme has the form

1
Tt — 7T

1
L ‘et
¢ =;(qrﬂ‘-4: ),

(19)

g1 =g, (T*H).

7
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The system of equations (19) 18 solved by the iteration method.
Numerical Experiments

The numerical experiments were carried out for a five-level model in a rec-
tangular grid measuring 33 x 33 with an interval of 375 km with its center
at Novosibirsk, As the initial data we took the geopotential and dew point
spread values obtained as a result of objective analysis of meteorological
fields under the program developed by the USSR Hydrometeorological Center
[1]. The values of the functions u, v, 2z are determined at the standard levels
1000, 850, 700, 500, 300 mb; the T, 1, P, q; values are determined at in-
termediate levels ==~ 925, 775, 600, 400 mb, Since no systematic measure=
ments are made for the liquid wacer content in clouds, in computing the in-
itial values of the function P it is postulated that the specifie liquid
water content qp at the initial moment in time 18 equal to zero. The quality
of the forecast was evaluated using the results of objective analysis. In
order to evaluate the quality of the geopotential forecast use was made of
the usual synoptic-statistical characteristics: € is the mean relative
error, k is the correlation coefficient, P is the probable success of fore=-
cast of trend signs:

[
z l('@n"‘ 2y) ““np"'ln)l

=l=l -
) PPN
t=1 f

L] n
. E. [ z (Zgn — 2o) 2 (2ap — 24) }
i=1 “b"l'—‘ﬂ‘“‘Lﬂ—;"—_— (2np — 20) — =1 r

s s e e

n P S N 3
]/-zn z (2pe — 1) zﬂ . 2 (2hp = 20)
t=1 (l,,v.-'—lo‘——"' =1 (‘"v___z“)__ i=1 ’

n n

Nt — N

p =

H

(PK = act(ual); Tp = predicted] where NF(N=) is the number of points at
which there is a correct (incorrect) prediction of the trend sign; the
points at which one of the trends is equal to zero, whereas the other is
not equal to zero, are not included in either N* or in N7; z,.p is the ac-
tual height of the isobaric surface at the time for which the forecast is
made; Zpred is the predicted value; zp is the geopotential value at the
initial moment in time; n is the number of points of intersection used in
evaluating the forecast.

In order to evaluate the dew point spread values we computed the frequency
of recurrence of forecasting errors by gradations. The evaluation was made
for the territory of the West Siberian region (at 110 points of grid

8
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Intersection) in accordance with the program developed in [12]. The re=-
sults of the evaluations are given in Tables 1=5, N denotes the number
of situations used in computing the evaluations,

Table 1

Mean Evaluations of Prediction of Geopotential (for Five Levels) Using the
Initial Data for 19 September 1975 for the Time 00(03)

a___Cpox nporuoa, v
Cxemn - 2 ] 48 - 2
1 e k v e k [ [ h ’
] 095 065 046 1181 049 030 1,23 0,41 0,37
G 0,§6 0,72 0.48 1,07 0,60 0,36 1,08 0,50 0,46
] ) .'.5 0,70 0,52 1,02 0.51 0,32 1,20 043 037
B O S Y] 0.51 0,95 st, 0,36 1,01 051 0,45
KEY:
1. Scheme
2. Forecast time, hours
Table 2

Frequency of Recurrence of Errors (Z) in Prediction of Dew Point Spread Us=-
. ing Initial Data for 19 September 1975 for the Time 00(03) for 24, 48, 72 hrs

2 k] Cpox npotuora, ¥
§ |2 o ] 4 7
&l | e
-1 © 5 .’ ) 0
Se |3 0--3"4--6")7"“0-3, 4—6" | 27 | 0-3° | 4—6 >r
[ 4 ]
]
ol al 8wl ool b om | 62 36 2
Wl 68 | 14| 0,17 2 ) 60 33 7
mol @y B P38l o3 | 6 57 3 10
Mol gt ) ool it a8 1 79 | 2 1
gopl @' B4 13 a1 - 4 36 i g8 41 31 28
Co6) 80 181 2 a7 7,006 6l 3 5
gl a6 ' 25 FUNEIE E 3 N 52 30 18
AR R % ' 6 72 24 4
KEY:
1. Suarface, mb
2. Scheme

3. Time of forecast, hours
Table 1 illustrates the probable success of the forecast of geopotential
on the basis of initial data for 19 September for the time 00(03) for 24,
48 and 72 hours in advance using four schemes:

a) an adiabatic forecasting scheme, i{n which the transfer equations are ap-
proximated by finite-difference schemes with a second order of accuracy;

9
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b) an adiabatic scheme in which the transfer equations are approximated

by difference schemes with a fourth order of accuracy;

¢) a nonadiabatic scheme, the basis for which is scheme (b) with the intro=-
duction of a boundary layer and phase heat influxes;

d) scheme (c) i8 supplemented by taking into account orographic nonuniforme
ities of the earth's surface,

Table 2 glves the frequencies of recurrence of errors in predicting the dew
point spread using two schemes:

a) a forecasting scheme in which the equations for the transfer of humidity
fields are approximated by finite-difference schemes with a second order
of accuracy;

b) the equations for the transfer of humidity fields are approximated by
schemes with a fourth order of accuracy with the addition of a dissipative
term; the scheme shows that the frequency of recurrence of large errors in
predicting the dew point spread in essence 1s less 1f one uses a scheme

with a fourth order of accuracy.
Table 3

Mean Livaluations of Prediction of Geopotential With Allowance for Orography
(a) and Without Allowance for Orography (b)

; i 2 Cpok npornosa, &
g 24 48 72
g 1 ;3
] o
22 (& N ¢ k p | N| k ? [N ¢ k [
tooo] @] 7080]069[050( 410,9(062]/044]3]1,05/0,60]0.3
617 [0855060]1046| 4 11,00/05 |0v.40]| 3[1,18]031 (0,28
s501 9| 710801064 ({049) 4 [0.88]0,58]0,44] 30,99 ]0.54] 042
41 71091 10,55]046( 4 [ 1,00]0,50[0,39] 3 [1,17] 0,45 | 0.45
700 2] 7 1074106810541 40.85/0,65[0.49! 3 10,9 0,5|0.48
61 710821063}05( 4 100}060l043]3[1.,01]049]0.45
soo|a] 7 (070(0,781063( 410,740,751 0.56( 30,81 0.65] 0,56
61 7107510761060 4 10,85(0,74{0,57| | 1.03]0,60]| 047
a0 e 7 ]v671080/0358] 4 10,7 |0,79]0,61| 3 |0.80]0.69] 0,60
67 1070(0,79]1058| 4 10,86[0,78|0,61 | 3}0,97]0,66]0.55

KEY:
1. Surface, mb
2. Prediction time, hours
3. Scheme

As indicated by Table 3, the inclusion of orography in the wodel improves
the quality of the forecast at the lower levels by approximately 5-10%.

Table 4 {llustrates the quality of predictions of the dew point spread using
two schemes for computing the humidity fields, described in the model of
prediction of metcorological clements cited above. The frequency of recurr-
ence of errors is approximately identical for both schemes. The same can

10
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100090012-8



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100090012-8

FOR OFF'ICIAL USE ONLY

be sald about the zones of steady precipitation (f'ig, 1).

Table 5 gives the mean evaluations of prediction of dew point spread for
24, 48, 72 hours in accordance with scheme A,

Table 4

Mean Frequency of Recurrence of Errors (%) in Predictions of Dew Point Spread
for 24 hours Using Schemes A and B

i
I
1| 2
2 e | N |03 |a—p| >7C
@ 2
3o | ¥
=x| O
A 3| & o4
WA IE
1
77"’g RAE B
. 67 | 29 : 4
METRIE 45 B
55 1 29 ;6
W | % 3 lgyiw! oy
KEY:
« 1. Surface, mb
2, Scheme

Table 5

Mean Frequency of Recurrence of Errors (%) in Prediction of Dew Point Spread
for 24, 48, 72 hours Using Scheme A

s 2 Cpox nportosa, «
H T 48 72
z
‘é% N 034t 37° | N [0-3{4-6°| 27| N |0-3°]|4—6°| >7°C
=3
N2 B 69 24 8 5 60 23 12 H 50 32 18
775 5 70 2 [} ) 64 29 6 5 70 27 3
600 5 63 Ri N ) ‘ K0 31 7 5 57 37 6
R A A
) KEY:
- 1. Surface, mb
2, Prediction time, hours
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Fig. 1. Prediction of zones of steady precipitation for 24 hours on the basis
of initial data for 22 January 1978 for the time 00(03) hours using schemes
A and B, 1) zone of predicted precipitation, 2) zone of actual precipitation

Summary

Our numerical experiments make it possible to draw only a preliminary con-
clusion concerning the quality of the prognostic scheme since the number
of experiments is inadequate for a statistically reliable evaluation of the
result, Nevertheless, some conclusions can be drawn. It can be said with
assurance that the use of special difference schemes with a high order of
accuracy and close to monotonic in essence raduces the number of large
errors in the prediction of the dew point spread. A comparison of two mod-
els of prediction of the humidity fields did not indicate significant ad-
vantages of either one., The fact is that in the present version of the
model no optimization of computation of vertical currents was carried out.
As was already mentioned above, the zones of vertical currents, computed
from the heat influx equation and from the continuity equation, and also
from the quasigeostrophic &) -equation [4], coincide quite well, but their
values differ extremely substantially. Since it is impossible to say what
vertical currents are closer to the true currents, it is necessary to ad-
just their amplitude relative to a particular prognostic model. If it is
taken into account that the liquid water content of clouds is also pre-
dicted in model A (necessary, for example, for computing cloud albedo),
preference must be given to this model., The spproach o allowance for oro-
graphic nonuniformities of the earth's surface used in the model requires

12
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a more careful analysis, particularly from the point of view of evaluating
the success of a prediction of atmospheric cyclonic activity. A separate
paper will be devoted to this problem.
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UDC 551.(509.313:465.7)

COMPUTATION OF THE INDEX OF FORECASTING ACCURACY IN AN "OCEAN-ATMOSPHERE"
SYSTEM MODEL WITH A GREAT NUMBER OF DEGREES OF FREEDOM

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 6, Jun 79 pp 15-20

[Article by Candidate of Physical and Mathematical Sciences V. A. Ryasin,
USSR Hydromereorological Scientific Research Center, submitted for public-
ation 11 October 1978]

Abstract: In order to ascertain the limiting
possibilities of a model in predicting real-
ity it is necessary to be able to compute
the index of forecasting accuracy within

the framework of the model. This paper pre-
sents a method for computing this index

and the dependence of the accuracy index on
the measuring system is considered.

[Text] The results in this study are a logical continuation of the results
in [3, 4]. The authors of [4] presented a strategy for ascertaining the
limiting accuracy of a forecast of the state of the real "atmosphere-ocean'
system in a class of determined models of this system. An important compon-
ent of the strategy is computation of the forecas.ing accuracy index within
the limits of the selected model, In [3] the author presented a method for
computing the accuracy index of a forecast which is applicable completely
to the "atmosphere-ocean" system models with few parameters having the num-
ber of degrees of freedom n®102-103, For finite-difference models with the
number of degrees of freedom 10 -10% the method [3] cannot be realized us-~
ing existing electronic computers. Therefore, for models with a great num-
ber of degrees of freedom the need arises for developing another method for
computing the index of forecasting accuracy. Such a method is set forth in
this study.

Assume that a determined model of the "atmosphere-ocean" system with a great
number of degrees of freedom is stipulated. "Determinism" of the model means
that its initial state 3} g unambiguously determines the state of the model
V¢ at future moments in time t> 0. Assume that it is necessary to compute
the index of forecasting accuracy within the framework of the model in the
presence of a definite observation network and a stipulated time regime

15
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of operation of its stations., By the measurements g - (5;1,..., gN) within
the framework of this model we will understand the set of values character-
tzing the model parameters, for example, temperature, height of the isobar-
le surface, surface pressure, flow velocities, etc., on a trajectory un=
known to the observer [4] §, beginning from the point 9 o+ Each measurement
has a temporal and spatial tie-in., The assumption of a determined nature of
the model makes it possible to relate the £ measurements to %0 by the ex-
pression

§ == (dy) 49y

where 011( 8‘0) is the parameter to be measured, Ai is the measurement error.

In the model it is postulated that 9 o and Ay, 1 = 1, N represent a random
vector and random values stipulated in some stochastic space.

A
On the basis of the evaluation 80, being a function of %, the observer
makes a decision about the initial state, from which, in his opinion, emerged
the trajectory of the model, giving the set of measurements % . This trajec-
tory is prognostic and differs from the actual trajectory 9 .

Assume that || - “ is a norm characterizing the energy of the state of the
model, p is a confidence coefficient close to unity. The accuracy of the
forecast within the limits of the model, on the basis of § information, is
called the value Y, satisfying the equation

A P9, ‘_‘r”<nz|E|-—Pr
where “3'1' and Jp are the vectors of state of the model at the forecasting

time T on the actual and predicted trajectories. On the left-hand side of
the expression we have the conditional probability of the event

A
(107 =0l <l
The [g value, determined from the cc.dition
Pl =%l < Te[6) =p,
is the accuracy in determining the initial state of the model on the basis
of the % information.

First we will examine the problem of the dependence of ré on the system of
measurements. As an evaluation we will consider

D, = lim b, (s). (1)
S=00
In (1) '30(5) is a solutlon of the equation
6“ () = — grade, (s J. (2)
16
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with the initial condition %0(0) = {}(1). Here § 1 is some value of the in-
ltial state of the model, selected at the observer's discretion. The funee
clonal J in (2) has the form

g e (3 (D)) (3)
R

where 0<U 2 {g the dispersion of the measurement error Aj, ty is the time
a for carrying out the measurement %4.

The solution of equation (2) assumes that in the model we have developed
a method for computing the gradient of a functional stipulated in the
trajectory space {8},

Source [2] described a method for computing the gradient of the functional
and obtaining the evaluation (1) for finite-difference models of an "atmo-
sphere-ocean" system with a dry atmosphere, but still open is the question
of computing the accuracy of this evaluation and the relationship between
accuracy and the measuring system,

The problem of the relationship between rs, and the measurement system will
be considered on the assumption that the states of the model 30(8),
entering into (2), (3) fall in the neighborhood of some reference state

9 o and that the dependence of the functional (3) on {( in this neighbor-
hood can be considered as quadratic relative to A4g = 8¢ - § ¢

N o e .
1 1§, — 4 88g)?
J:__N_ z:—l—f'a_f——' (4)

{=1

where E'i = 5)1 - ‘xi@o) is the difference between the measured value
and the value to be measured, computed on the reference trajectory,

Iy =grady, a,(8,).
The asterisk in (4) denotes transposing.

The measurements $' = (§'y,...,5"'y) are related to A‘&O by the expres-
sion

t'=L ABo+A,

where L is a matrix of the dimensionality N x n, whose rows are Qf, A=
(Agyeeny AN

Equation (2) under the condition (4) is written in the form

My (5) = o L*BY — 4 L* BLAD, (s), (5)

a9, (0) = ady,
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where B is a dlagonal matrix with the clements 51'2, 1 =1, N.

Now we will examine the symmetric matrix
Q= L* BL= -5 L () BL,

where BL/2 1s a diagonal matrix with the elements O I]‘, 1 = 1,N. The eigen-
values 9\1,..., A, of the Q matrix are real; the elgenvectors hj,...,hp
form an orthogonal base in the space{A§ }J [1]. Moreover, the Q matrix

1s nonnegatively determined and its eigenvalues are nonnegative, We will
consider the set hy,...,hp to be orthonormalized and ordered in such a way
that O{ AlS‘AZ( Yy { An-

We will use the term "well-determined measuring system" for a system for
which A; >0, 1 =1, n; a "poorly determined measuring system" is a system
for which Q has zero eigenvalues. Now we will examine the problem of the
behavior of solution of equation (5). Assume that H is a matrix whose col-
umns are the elgenvectors hl,...,h‘i, Ais a diagonal matrix with the ele-
ments Nj,.esy Aqe We note that B4 = H*, In (5) we will replace the var-

lables:
Zex H“Aﬁo(s) .

We will write a differential equation for z:
g (6)
z='/TH LL*BY — Az, z(O):H-'M)‘l,.

In the case of a well-determined measuring system Al exists, and the solu-
tion (6) has the form

z(s)=A-l - H-1 L*BY e [H—-’ AB— A= HL“BE’].
Hence

limz (s) = \! _'N_ H-' L* B¢

§-00

and

A
Ab, = HA-! . H-1L*BY,

w A
Now we will examine the relationship between the evaluation vector ASO and
the actual vector of the initial state of the model ASO unknown to the ob-
server. We recall that the $ information was obtained on a trajectory be-
ginning from §, = 30 +A30; therefore £' = LAJ + A, whereAis a spe-
cific set of measurement errors prevailing in the modeling of g ., This
means that

. -
A'00=Aﬂo+H .\-l-FH 1L*BA. o
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A
1t follows from (7) that the evaluation 510 is unblased if the mathematical
expectation A is equal to zero.

The error in determining the initial state of the trajectory %, from which
the & measurements are read, is written in the form

! - "
| Do — Vol =[] 40y — AB, || = “H A=t 1LY BAn. 8)

A
Now we will examine the dependence "30 - 30 “ on the accuracy of individual
measurements at statlons. We will assume that at all stations the accuracy
is increased by a faitor of m. This means that the new dispersion of the
measurement error &% is related to the old cri by the exprgssion o' f =
- afmZ. In (8), with a chan%e in the measurement accuracy (7%, there is a

change in the matrices AL, B and the vector A; we have

A-l=A-! m?, B=Bn2, mA=A.

Accordingly, | |
3= 5 H-’L*F'X” =L

n

HA= o H- L“BA”—— 0
me=w

Thus, in the case of a well-determined measuring system by an increase in
the accuracy of measurements at stations it is possible to attain the de-
sired accuracy in determining the initial state of the modellﬁgo, making
the f; and Ys values of the necessary smallness.

We note that in the case of a well-determined measuring system the gbserver's
choice of the state A3l necessary for obtaining the evaluation AGO exerts
no influence on the value of the error IISO - 3o

The situation is different in the case of a poorly determined measuring sys-
tem. Assume that r eigenvalues of the Q matrix are equal to zero, We note
that

A= HeVQH = H* QH = 5 H'L® (BU4)” BV LH.
Since the first r diagonal elements of the A matrix are equal to zero, the
first r rows of the matrix H*L*(B1/2)* are Filled with zeroes. In (6)
— HVL¥BY = L HoLe puye (giny),

accordingly, in the case of a poorly determined measuring system the first
r equations of system (6) have the form

z2,=0, i=1, r,

and the equations for zj, 1 = r + 1, n have the form as in the case of a
well-determined measuring system.

We will denote by Ey the diagonal matrix for which the first r elements

are equal to unity and the others are equal to zero; we use.J\;}r to denote

a diagonal matrix for which the first r elements are equal to zero and
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the others are equal to )\{1,1 = r + 1l,n. Then in the case of a poorly de=-
termined measuring system

[
llm z(s)=E, H-1.A8) + A;}_,T H-1L*BY
and -0

M?o = Hlim z(s).
S~
A

The difference between the value of the evaluation Aﬂo and the actual value
of the initial state is expressed by the formula

1
1] A0 — 4B, || = “ HE, H- (A0, — 80)) — H AL - H=1 L2 Ba). )

In (9) the vector HErH'l(AﬁO -AJ 1y 1s the projection of ASO -Aaé onto
the subspace formed by the vectors gls'“ shy. The norm of the projection is
the fundamental, indestructible part of the error /8 - Yol . The second
part of the error, stipulated by the term HA-1 L H"‘lL*BA, in principle
can be made negligible in magnitude by an incYedse in measurement accuracy
at the stations, but such an accuracy increase is economically in no way
justified: the error ”HErH‘l(A\‘]O - Aﬁ?) [ always remains. It is import-
ant to take this circumstance into account in developing a modern system
of observations of the atmosphere and ocean, Efforts must be directed to
creation of a configuration of a well-determined measuring network, not
to the creation of observation facilities giving a high measurement accur-
acy at stations but having poor determinacy.

A
If it is assumed that in finding the evaluation A{( the observer always
selects A{]Cl) = 0, the error in determining the state Aﬂo is random, equal
to the projection of the state A{ onto the subspace of the vectors hj,...,
hy and falls with the confidence coefficient p in the interval [O, r.;,(% o)l
which is found from the condition

P | HE,H-' 8% | < T, (3) i) =p.

Now we will discuss the problem of the practical finding of the accuracy in-
dices g, Y5 1in models of an "atmosphere-ocean" system of great dimension-
ality. In the author's opinion, for such models the method for computing

["s and Yz on the basis of constructing the Q matrix and solution of the
spectral problem for it is comparable in difficulty to the method for com-
puting the accuracy of the optimum (in the mean square sense) evaluation of
state [1] and cannot be realized using existing computers, For determining
i andYg it is reasonable to use the Monte Carlo method, the method of
experimgntal construction gf the distribution of probabilities of errors
"\‘30 - %O I and | § T 8 Il - Now we will describe this process. We will

select the nonrandom initial state of the model 30. In the forecasting in-
terval [0, T] we compute the trajectory § , from which we take the informa-
tion § = (&4 = a¢y(J) + A4, 1 = 1, N), modeling the measurements of
the planned observation system. In accordance with the distribution of
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probablilities p(%lo) we obtain the state 91, from which are integrated
the equations (2) for obtaluing the evaluat? n SAO‘ The predicted trajec=
tory 18 computed by obtalning the evaluation § o in the interval [0, T].
The two values | 9§ 0~ 3 O‘I and I §y - 9y are computed, After this we
obtain the new value § l7and the entire cycle is repeated, beginning with
integratipn of equations (2). When obtaining a quite large sample of the
values 199 - Jptand 191 = §plit s possible to construct the distrib-
utlon functions of these values and the r;, (99) and Y5 () values are
determined., We emphasize that the problem of determining the accuracies

of I'g(%,) and ‘)’g(%o) imposes requirements on the methods for Integrat=
ing uquat?ons (2) and the equations of the model. These methods tust be
preclse so that the error in integratfon at the norm will be a value of

a lesser order than the accuracy to be determined.

The % and Ys values are found as

Fe=max T 00, 1= max . (®),
-~ M6
PR ¢

where 2 1s the region in which with a probability clode to unity the states
of the model %()can be situated,

In applying the described method it 18 necessary to solve the problem (2)
jointly with the problem of integrating the fundamental and conjugate equa=
tions of the model., The general dimensionality of the problem is 3n, where
n is the number of degrees of freedom of the model, Therefore, the describ-
ed method for computing the accuracy of a forecast can be applied using
existing electronic computers for finite-difference models of the "atmo~
sphere-ocean" system. In comparison with the method for computing the ac-
curacy of a forecast from [1], the described method requires a lesser memory
(3n instead of n2), but a substantially greater operating time for the elec-
tronic computer,

BIBLIOGRAPHY

1. Gantmakher, F. R., TEORIYA MATRITS (Matrix Theory), Moscow, Nauka, 1967,

2. Penenko, V. V,, Obraztsov, N. N., "Variation Method for Assimilation of
the Fields of Meteorological Elements,"” METEOR".OGIYA 1 GIDROLOGIYA
(Meteorology and Hydrology), No 11, 1976,

3. Ryasin, V. A., "Method for Computing the Accuracy Possibilities of a
Measuring Network Consisting of Modern Means for Monitoring the State
of the 'Atmosphere-Ocean' System," METEOROLOGIYA T GIDROLOGIYA, No 6,
1978.

4. Ryasin, V. A., Sal'nik, V. A., "Maximum Admissible Accuracy of a Fore-
cast in a Class of Models of the 'Atmosphere-Ocean' System," METEOR-
OLOGIYA I GIDROLOGIYA, No 9, 1978,

21

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100090012-8



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100090012-8

FOR OFFICIAL USE ONLY

upc 551,513
HYDRODYNAMIC THREE-LEVEL MODEL OF GENERAL CIRCULATION OF THE ATMOSPHERE
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 6, Jun 79 pp 21-32

[Article by Candidates of Physical and Mathematical Sciences V. P. Melesh-
ko, B. Ye. Shneyerov and L. R. Dmitriyeva-Arrago, and Professor M. Ye.
Shvets, Main Geophysical Observatory, submitted for publication 5 September
1978])

Abstract: The article describes a hydrody-
namic model of general circulation of the
atmosphere based on solution of a full sys-
tem of equations of atmospheric dynamics

in a 0’ -system of coordinates, A finite-
difference approximation of the equations,
written applicable to the map plane in a
stereographic projection, ensures conserv-
ation of mass and total energy in an adiabat-
ic approximation without the dissipation of
energy taken into account. The model takes
into account the principal physical process-
es of heat and moisture exchange. Numerical
experiments were carried out for the model-
ing of atmospheric circulation, atmospheric
heat regime and the moisture cycle for Janu-
ary conditions., The computed characteristics
of circulation, heat and water balance are
compared with actual data.

[Text] Introduction, Hydrodynamic models of the atmosphere are now being
developed in the USSR, United States and in a number of other countries
[15]. These models differ both with respect to the degree of complexity
of the schemes for the parameterization of physical processes and the
mathematical approach employed. The mechanisms of general circulation of
- the atmosphere have been studied using such models. Data from numerical
experiments have been used in computing the mean distributions of the
principal meteorological elements, and alse the energy characteristics
and components of the heat and water balances. The results of comparison
with real data indicated that in general hydrodynamic models reproduce
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well the large-seale characteristics of general clvculation aad the thep=
mal regime of the atmosphere, but less successfully reproduce such char=
acteristics whose formation is greatly influenced by processes assoelated
with baroclinie instability, and also mesoseale processes. As a rule, in
the models there i8 an exaggeration of the intensity of mean zonal flow
In the middle latitude troposphete, whereas the eddy cotiponent of kinetic
and available potential energy is underestimated.

In this article we will describe a thtee=level hydrodynamic model of gen=
eral circulation of the atmosphere for a hetilsphere, developed at the
Main Geophysical Observatory imeni A, 1. Voyeykov, This model is a com=
promise variant between the technical possibilities of existing electron=
ie computers and the aspiration to construct a model more meaningful from
the physieal point of view., Using this model we carried out numerical ex-
periments for the modeling of geieral circulation and the thermal regime
of the atmosphere for January conditions., Some of the results of these
experiments are discussed below.

I+ Deseription of Model

1.1, Fundamental Equations and Boundary Conditions

In the model we used the full equations of atmospheric dynamics, written
in a ¢F-gystem of coordlnates applicable to the plane of a stereographic

projection,

a) Equations of horizontal motion

LA m[dU_u av.‘]_.r d1U V() 4 f) =

of ox 't "oy o

(1)

o 0 9
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b) Heat influx equation

o7 our*d_\'_f_] 0T AR T w _
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c) Heat transfer equation
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d) Continuity equation

0ps oy av) o
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e) Equation of hydrostaties

R

2 =
—=

(4)

(5

(6)

- In addition, we use an expression for vertical velocity in a U-system of

coordinates, obtained from the continuity equation

pe = m? [aj(%}w:,, 5“§ de]

n

Here u and v are the horizontal components of velocity in the direction of
the x= and y- axes respectively, T is temperature, q is specific humidity,
py 18 pressure at the earth's surface, @ is geopotential, «1is vertical
velocity in an isobaric coordinate system, & is v%rtical velocity in a

v = coordinate system, U= p/pg, p is pressure,

is the Coriolis par=-

ameter, f 2) 1s the metric term of the equations of motion, T_ and T, are
the components of turbulent frictional stress in projection onto the” x-,
y=axes, & is the radiative heat influx, r is the quantity of condensed
moisture, H and E are the vertical turbulent fluxes of heat and moisture

respectively, psu

diffusion of momentum. heat and mo{isture,

~ o~ upy  Up, Tes  qp.
v, 7 ={2 2, 2 2,

» Fgy» Fgr and F,g2 are terms describing the horizontal
s

m is the scale factor for a map in a stereographic projection, L 1is the
specific heat of condensation, c_ 1s the specific heat capacity of dry
air at a constant pressure, R is the specific gas constant for dry air,
g is the acceleration of free falling, A 1s the thermal equivalent of a

work unit.

The following boundary conditions are used in the model: at the upper and
lower boundaries of the atmosphere & = O. The vertical turbulent fluxes
of momentum, heat and moisture at the lower boundary of the atmosphere
are determined from the equations for the atmospheric boundary layer. At
the lateral boundaries, which approximately coincide with the equator,

we have the condition that the normal component of horizontal velocity
and also the derivatives (along the normal) of temperature, humidity and

the tangential component of wind velocity are equal to zero.
24
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142, Spatial Structure of Model

In the model we use a saquare grid for a stereographic projection with the
principal scale at latitude 60°., The total number of points of intersec-
tion at each level in a hemisphere is 1481; the mean grid interval is 425
klnl

The vertical structure of the model includes three layers with a uniform
O interval, The prineipal variables u, v, T, q and ¢ are determined at
the levels O = 0,167, 0.5, 0.833,

1.3. Numerleal Solution of System of Equations

For solution of the system of equations (1)=(7) we use the finite-differ-
ence scheme proposed by Lilly {8], having a sccond order of approximation
with respect to space variables. For the adopted boundary conditions and

in the absence of energy losses and gains this scheme ensures conservation
of mass and total energy. In ccmputing the force of the pressure gradient
in the equations of motion (1)~(2) we will use the difference approximation
proposed in [12}, As demonstrated in [6], this approximation ensures an ac-
curacy of computations in a ¢ -system which 1 the same as in an isobaric
coordinate system,

Equations (1)-(5) are integrated in time by the central differences method

with an interval of 10 minutes. In order to exclude the fictitious solution
which arises, after each 48 intervals in three successive intervals we em~

ploy the three-point filter

AT = AT 0,5 (AL A2 A7), (8)

Then the equations are integrated again in one interval by the Matsuno
scheme [4], after which the calculations are continued using the central
differences scheme. For the equations of motion the adopted scheme is par-
tially implicit, since the force of turbulent friction is taken in the suc-
ceeding time interval.

In order to construct matched initial fields of the principal meteorolog-
ical elements for a hemisphere a complex of computer programs was developed
and applied. The initial fields are constructed in two stages. In the first
stage, in an isobaric coordinate system, for seven uniformly situated lev-
els we constructed the relative humidity fields, and also the temperature
fields, matched vertically using the equation of statics and the filelds of
horizontal components of velocity, matched horizontally in a quasisolenoid-
al approximation, by solution of the balance equation. In the second stage
there is transformation from an isobaric coordinate system to a 0~ system
taking into account the relief of the continents and the vertical structure
of the particular model of the atmosphere.
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1.4, Parameterization of Nonadiabatic Processes

The model takes into account the principal energy gains and losses opera=
tive in the real atmosphere.

a) Radiation. In computing the radiation heat influxes and the radiation
balance at the underlying surface an allowance is made for the absorption
of radiation by water vapor and carbon dioxide, scattering on molecules of
alr and aerosol, and also absorption and scattering of radiation by clouds.
In computations of long-wave radiation use is made of the integral trang-
mission function propused by F, N. Shekhter [10], by means of which an al-
lowence 1s made for the absorption of radiation by water vapor and CO2,

In computing short-wave radlation we use the sub-ozone solar constant, in-
tegral transmission function for the spectral section 0,7-5pm [3] and the
scattering function proposed by V., V. Sobolev (9].

The model takes into account two-layer cloud cover with fixed boundaries:
the lower level is situated in the layer (0.667-0.833), the upper level

-~ in the layer (0.333-0,667). It is assumed that the cloud emits as an
ideally black body at the temperature of its upper and lower boundaries.

The albedo of clouds of the upper and lower levels was assumed equal to

0.25 and 0.50 respectively. The radiation fluxes under conditions of var-
iable cloud cover are computed on the assumption that the fractions of the
celestial sphere simultaneously covered by clouds at the two levels is equal
to the product of the tenths of cloud cover at these levels.

b) Large-scale condensation and convection. Allowance for the heat influxes
associated with phase transitions of water in the atmosphere is made by the
parameterization of two processes: water vapor condensation, caused for

the most part by large-scale movements and the release of latent heat dur-
ing convection, arising in the moist-unstable layers of the atmosphere.
Large~scale condensation takes place if the moist alr reaches the critical
relative humidity hy = 0.8.

In order to compute the heat influxes caused by mesoscale convective pro-
cesses, we will use the so-called "convective adaptation scheme" [5], in
which the equilibrium gradient is assumed to be dependent on relative
humidity and the moist-adiabatic gradient [11].

The total quantity of precipitation, both large scale and convective, 1s
determined as the sum of precipitation forming at the individual computa-
tion levels,

¢) Turbulent influxes of momentum, heat and moisture. The model makes use
of a relatively simple and tested scheme for computing the turbulent flux-
es and influxes of momentum, heat and moisture, based on the empirical ex-
pressions derived by Deardorf [13].

According to [13], the coefficient of vertical exchange in the atmospheric
boundary layer is dependent on temperature stratification in the lower lay-
er with a thickness of 1.5 km and the Richardson number.
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In the model it is posglble to differentiate four types of underlying sur=
faces:

== gurface of the continents, free of ice and snow. The alr temperature Tg
at the surface i1s computed from the heat balance equation

0y T4 4 Hop LE+T = S, 4 R, (9

where Il 18 the heat flux into the soily §. is the balance of short-wave
radiation at the underlying surface, RY 1s°the descending flux of long-wave
radiation at the earth, 0O 1s the stefan-Boltzmann constant.

Here use is made of the relationship between the heat flux into the soil

T and the radiation balance for the underlying surface [7];

=~ surface of the continents, covered with anow or ice. The temperature is

also computed from the heat balance equation} the fluxes of heat into the

soil and evaporation are neglected;
. == {ce-covered ocean surface. The surface temperature is computed from the
heat balance equation. The heat flux through the ice with a stipulated
water temperature beneath the ice is taken into account, whereas evapora-
tion 1is neglected;
-~ surface of the oceans and seas free of ice. The temperature at the sur-
face is considered known and the air is considered saturated.
d) Horizontal diffusion. The model uses a nonlinear scheme for computing
diffusion which 18 based on the ideas of three-dimensional isotropic tur-
bulence [8]. In this scheme the eddy viscosity coefficient 1s proportional
to the total deformation of large-scale horizontal flow

¢ \2
k=2(50) (D + DY (10)

where Dg is relative shear and Dy is the relative change in linear dimen-
sions with conservation of area. The value &= 0,25 was selected for the
horizontal resolution As used in the model. This diffusion scheme is used
widely in a number of models of general circulation of the atmosphere, al-
though, as indicated by recent investigations, it 1s inadequately selective
in suppressing perturbations with a small wavelength,

e) Computation of cloud-cover tenths, As is well known, a number of empir-
ical formulas have been proposed for computing cloud cover tenths in which
this characteristic 1is expressed through relative humidity. A preliminary
checking of a number of such formulas has indicated that not one of them
makes it possible to obtain satisfactory zonal distributions of cloud cover
simultaneously in the low and high latitudes.

In tke model the cloud coverage at each level (ny and n3) was computed using

the expressions
ny=—0,27+41,07 f1,40,05 g,,

ny=~—0,4+ /340,01 g, 1y
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in which two parameters were used: relative humidity h and specific humid=-
ity q in g/kg.

2. Modeling of Atmospheric Circulation for January Conditions

For the purpose of studying the properties of the model and evaluating its
possibilities in describing a real climate we carried out a numerical ex-
periment with modeling of circulation, the thermal regime and moisture
cycle in the atmosphere for January.

As the a priorl stipulated fields we used data taken from different climatic
sources on temperature of the ocean surface and boundaries of the ice and
snow covers, albedo of the continents and oceans. Solar angle was assumed

to be equal to its value for mid-January. As was indicated above, in a
number of investigations it has been demonstrated that in the integration
of the equations of atmospheric dynamics with a fixed solar angle and a
stipulated temperature of the ocean surface the atmosphere attains a quasi-
steady regime after approximately 40 days, if at the initial moment the at-
mosphere was in a state of rest. When using real initial data this point
sets in after 10-16 days.

For the particular model the system of equations was integrated for 60 days

- from the real initial state, for which we used the specific synoptic situa-
tion for 5 January 1971. The characteristics of the mean state of the atmo-
sphere were obtained by averaging of the values computed in the model for
31 days (from the 25th through the 55th days of the forecast).

As a result of our numerical experiment we obtained a great number of char-
acteristics of general circulation and heat exchange in the atmosphere.
Due to the limited length of the article we will give only some of them,

Figure 1 gives the altitudinal-latitudinal distribution of mean temperature.
It can be seen that in the troposphere the computed temperature values co-
incide well with the actual values. The temperature in the upper layers of
the atmosphere 1s close to the actual temperature in the tropical zone, but
to the north it decreases considerably more rapidly than 1s observed under
real conditions. Evidently, the reason is that the upper computation level
in the northern latitudes 1s situated in the stratosphere, which is charac-
terized by processes not taken into account in this model.

With respect to the altitudinal-latitudinal distribution of specific humid-
ity, also represented in Fig. 1, as in the real atmosphere, the specific
humidity maximum is observed in the lower layer of the atmosphere at the
equator and averages about 14 g/kg. The computed vertical gradient of
specific humidity in the lower half of the troposphere in the zone from the
equator to 50°N approximately coincides with the actual value. In the polar
regions the computed moisture content was less than the actual value.
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Fig. l. Altitudinal-latitudinal temperature distribution T°C (a), specific
humidity q g/kg (b) and zonal velocity v m/sec (c). Al left =- computed,
at right -- actual for January [21].

This same figure shows the computed and actual alticudinal-latitudinal
distributlion of the zonal component of wind velocity. As in the real at=-
mosphere, there are two regions of easterly flows (in the tropical zone
and in the polar latitudes) and an extensive region with west-east trans-
fer, occupying the greater part of the northern hemisphere, The positions
of the high-altitude jet stream and its mean velocity are correctly comput-
ed. However, in the middle troposphere the velocity of the zonal flow in
the model is greater than in the real atmosphere as a result of the exag-
gerated meridional temperature gradient, computed in the model.

It should be noted that the model correctly reflects the principal charac-
teristics of circulation, and specifically, its tricellular structure. As
in the real atmosphere, for January it is the so-called direct Hadley cell,
situated in the tropical zone, which is strongest. In January the ICZ is
usually situated in the southern hemisphere, but since in the model the
boundary is a "wall" at the equator, the Hadley cell, naturally, is dis-
placed somewhat to the north. Nevertheless, its position in the latitude
zone to 30°N corresponds to the actual data [l4]. The same can also be
said with respect to the second circulation cell (Ferrel cell), which,

as in the real atmosphere, is situated in the zone from 30 to 70°N. Final-
ly, there is a very weak direct cell in the polar latitudes, as is also ob-
served in actuality.

Now we will cite a number of characteristics of heat and moisture exchange
in the atmosphere obtained as a result of the numerical experlitent. Figures
2a,b show the latitudinal distributions of the radiation balance at the
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underlying surface and at the upper boundary of the atmosphere respect=-
ively, which can be considered quite close to the actual distribution of
these parameters [1, 15]. The computed mean planetary albedo of the “earth=
atmosphere" system is about 35%. The latitudinal variation of the turbu=-
lent flux of heat to the atmosphere 1s represented in Fig. 2¢. The comput-
ed curve, in general, reflects the distribution of this characteristic
obtained on the basis of actual data. A detalled analysis of the experi-
mental results shows that possibly as a result of the scheme for computing
the boundary layer adopted in the model the fluxes over the oceans in the
high latitudes are somewhat exaggerated, whereas in the low latitudes they
are understated in comparison with the actual data.
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Fig. 2. Latitudinal distribution of characteristics of heat and moisture
exchange. 1) actual for January, 2) computed.

KEY:

A) cal/(cm?emin)
B) mm/day
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Flgure 2d shows the latitidinai . .rcitution of the moment of surface fric-
tion forces. The actual dita were caken from a study by lellerman [14]. In
the low latitudes, in accordance with these data, there ls an influx of the
relative moment of momentum in the atmosphere, In the middle latitudes the
loss of momentum was understated by approximately 30%. However, as indi-
cated in a number of studles, Hellerman's data must be conslder d exagger-
ated by approximately one-third, since the moment of frictional Zorces was
computed in [14] only for the oceans (without the land being taken into ac~
count). Taking this into account, it can be concluded that the values of
the moment of frictional forces computed in the model agree well with the
actual data.

The latitudinal distrilbutfon of precipitation obtained in the model is i1~
lustrated in Fig. 2e., Most of the computed precipitation is accounted for
by large-scale precipitation, whereas convective precipitation for the most
part occurs in the tropical and equatorial zones. The graph clearly shows
two maxima, one of which is caused by the intensive falling of precipita-
tion in a zone of baroclinic instability, whereas the other is assoclated
with convection in the tropics. Figure 2f shows the latitudinal distribu-
tion of evaporation. The figure shows that at almost all latitudes the
quantity of moisture entering into the atmosphere as a result of evapora-
tion 1s understated in comparison with empirical data. We note that other
existing models of atmospheric circulation give lesser values for evapora-
tion in comparison with [1], at least for the temperate latitudes, For the
tropical zone our model glves evaporation values closest to the data pub-
lished by M. 1, Budyko [1] in comparison with other existing models,
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Fig. J. Meridional transfer of heat and moisture to the north., 1) actual
for January [21], 2) computed

KEY:
A) cal/day
B) g(cm?-day)
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Fig. 4. Precipitation field (mm/day). a) computed; b) actual, January
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Figure 3 shows the meridional transfer of heat and moisture. The computed
transfer of heat to the north by large-scale eddies (Fig. 3a) agrees sat-
isfactorily with the actual data published by Oort [17]. The computed heat
transfer values, associated with mean meridional circulation (Fig. 3b),
were less than the actual values, which is attributable in part to ab-
sence in the model of heat exchange with the southern hemisphere. The mer-
idional transfer of moisture (Fig. 3c, d) has similar characteristics,

Flgure 4 shows the computed and actual precipitation fields. Comparison of
these maps shows that both moist and dry reglons are modeled rather well,

We give Table 1, characterizing the balance of heat influxes to the atmo-
sphere in the northern hemisphere for January. In computing the actual heat
influxes we used data from different authors [1, 17-19].

In the last column of the mentioned table the heat flow across the equator
is equal to zero, since in the model this flow 1s not taken into account
as a result of the presence of a "wall" at the equator.

In general, the integral heat influxes agree well with the actual data. The
positive balance of heat influxes, obtained using data from independent in-
vestigations, 1s evidently a result of errors in computations of individual
components of the balance., With respect to the balance computed in the mod-
el, its small value indicates that from the 25th through the 55th days on
the average there was a balanced influx of heat with a very weak tendency
to cooling.

Table 1

Heat Influx Balance in the Atmosphere for a Hemisphere in January, °C/day

Types of influxes Actual data Computed values
Radiation influx -0,91 -0.88
Turbulent influx 0.22 0.16
Influx as a result of water vapor condensation 0.64 0.73
Influx as a result of heat transfer across

equator 0.16 0
Influx as a result of transformation of poten~

tial energy into kinetic energy -0.03 -0.02
Balance of heat influxes 0.08 -0,01

In conclusion we note that S. V. Bogachenko, I. P. Guseva, L. N. Magazen-
kov, G. V. Parshina, V. I. Ponomarev, D. A. Sheynin and Ye. P. Yushina
participated in the numerical experiments and analysis of the results.
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ENERGY CHARACTERISTICS OF THE WINTER WARMING OF 1976/1977
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 6, Jun 79 pp 33-40

(Article by Candidates of Geographical Sciences I. V. Bugayeva, L. A. Rya-
zanova, and D. A. Tarasenko, and Candidate of Physical and Mathematical
Sciences G. R. Zakharov, Central Aerological Observatory, submitted for
publication 13 July 1978)

Abstract: On the basis of rocket and satel-
lite data obtained during recent years the
authors examine the characteristics of syn-
optic processes during the winter period in
the stratosphere and mesosphere. Tha comput-
ations of the energy characteristics indicat-
ed that during a period of warmings there is
a restructuring of the vertical profiles of
kinetic and available potential energy.

[Text] The month February 1977 marked the 25th anniversary of Scherhag's
discovery of the so-called "Berlin phenomenon" [4]. This phenomenon was
the marked increase in temperature in the winter stratosphere — by more
than 40°C. During recent years satellite data, making it possible to de-
termine the temperature and geopotential values on a global scale at dif-
ferent levels in the stratosphere and mesosphere, make possible a detailed
study of stratospheric warmings.

In this study, for an analysis of synoptic processes and computation of the
energy characteristics, we have used pressure pattern charts for the 10-mb
surface, high-altitude charts of constant levels up to 60 km published

by the Central Aerological Observatory [l], pressure pattern charts for

5, 2 and 0.4 mb, constructed using satellite and rocket data, and also

time sections for the atmosphere based on data from rocket stations in

the western and eastern hemispheres.,

All the enumerated materials, and also some associated computations, made
it possible to ascertain several large waves of a sharp temperature in-

crease in the stratosphere and mesosphere in the winters of 1976/1977 and
1977/1978 in the high and middle latitudes of the northern hemisphere. The
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distlngulshing characteristics of the mentioned winters were: first, the
ptedence of three temperature increase waves with a final warming in
March, second, January and March warmings characterized by a great in=-
tensity, occurring with a pressure restructuring in the polar regions

and clagsified as "strong," third, the transpiring processes were great=
ly influenced by both the Pacific Ocean and Atlantic antieyclones, which
frequently extended from tropuspherie levels into the mesosphere. The ob=
served characteristies of winter processes played a definite role in the
bringing about of early spring stratospheric restructurings.

The first wave of stratospheric warming for the winter of 1976/1977 was
observed in the second half of November 1976, Satellite data for this
period show a broad region of heat from the Caspian Sea to the Bering Sea
with temperatures at the center equal to =20°C at the isobaric surface

5 mb, At the same time, at the cold focus, displaced toward Greenland,
the temperature was reduced to =70°C. The maximum temperatures were ob-
served in the region of the stratopause and over Kheys Island attained
129¢, whereas over Volgograd it attained 9°C. This warming was noted only
over the eastern hemisphere. During this period there was an intensifica-
tion of the Pacific Ocean and Indochinese anticyclones, which joined into
a single zone of high pressure extending from the Arabian Sea to Chukotka
and Alaska. A similar early winter warming was also observed in November
1968,

A second warming wave began about 15 December. During this period there
was an intensification of the Pacific Ocean anticyclone. The anticyclone
attained maximum development during the period 21-25 December; by this
time its center was situated at 65°N near Alaska. Such a marked displace-
ment of the anticyclone to the north caused the development of a high=
altitude frontal zone over the pole: over Kheys Island the easterly and
southeasterly winds in the layer 45-50 km attained velocities of 130 m/sec
and the temperature at an altitude of 45 km was 0°C. The cyclone shifted
to the northern sector of the European USSR; the region of cold associated
with it was situated over Greenland and then moved to 45°N and was situat-
ed over North America.

The Atlantic anticyclone began to develop almost simultaneously with the
Pacific Ocean anticyclone and beginning on 27 December there was a marked
intensification of the lndochinese anticyéione, which began to move north-
ward rapidly: thus, on 27 December its center was situated at 379N, where-
as by 1 January it had attained 52°C. The regions of heat associated with
it at the 10-mb level had a temperature of ~15°N, By the end of December
there was a joining of the Atlantic and Indochinese anticyclones; the
high-level charts show that this combined anticyclone penetrated into

the mesosphere. During the period 25-31 December it could be seen well

not only at ATs5 and ATy, but also at ATQ, 4.

At the end of December the temperature field in the stratosphere over the
entire northern hemisphere was characterized by relatively high values
both over Eurasia and over the western hemisphere. Even in regions of
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cold, assoclated with the cyclonic center, did the temperature increase
by 20°C and attain =55°C instead of the usual =70 ~ = 75°C (at the 10-mb
level).

In January the maximum temperature change over Kheys Island was not ob=
served in the neighborhood of the stratopause, as was the case during

the first warming, but at an altitude of 35 km, There was a gradual lower=
ing of the region of heat into the middle stratosphere.

At a number of American stations located in the northern fégions there was
also a marked temperature increase. For example, at Fort Churchill on 3
January its value at the level 42-46 km was more than 20°C.

At the beginning of January the structure of the pressure field differed

by layers: in the stratosphere there was a tricellular structure with a
cyclone, displaced onto the European USSR, and two anticyclones in the di-
rection of the Pacific and Atlantic Oceans., In the lower mesosphere (50-

55 km) a four-celled field was formed: two cyclonic centers and two anti-
cyclones, whereas above 60 km there was a structure with two cells: cyclone
and anticyclone. Despite these differences in structure, a pressure re-
structuring over the pole was observed in all layers.

In mid-January the warming process in the stratosphere continued, but pass-
ed into the middle and lower layers, At an altitude of 50 km over Kheys
Island the temperature had decreased to -48°C by 19 January., In the meso-
sphere an ordinary winter circulation began to be restored with a cyclonic
eddy in the region of the pole and relatively low temperatures near the
mesopause, During the period from 10 through 21 January an anticyclone in
- the form of a large unified center was established over the pole in the
layer 30-40 km, whereas a cyclonic field, represented by several individ-
ual reglons, surrounded it along 50°N. Such a structure of the pressure
field is characteristic for spring restructurings. By the time of forming
of anticyclones in the region of the pole at the 10-mb level the tempera-
ture had increased to -45°C. The main region of heat was situated in the
lower layers of the stratosphere.

After 21 January there was restoration of normal winter circulation,

For the warming, which was accompanied by a restructuring of circulation,
we computed the mean geopotential values along different circles of lati-
tude and as a whole for the hemisphere. These values were compared with
the mean geopotential values before and after the warming. Interesting
results were obtained.

Satellite data were used for computing geopotential. The mean geopotential
was computed for 75, 55 and 35°N with an interval of 30° in longitude at
the three isobaric surfaces: ATs, AT2 and AT 4. In order to evaluate the
geopotential values before the warming period we used data for 9 December
1977. As the time of warming we selected the geopotential values for 6
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January 1977 and for the end of warming =~ for 14 January 1977.

The results of the computations (Table 1) indicated that the heights of the

geopotential surfaces increased during the period of warming as a whole

for the hemisphere (the height of the ATp, 4 surface increased by 168 dam).

However, in the low latitudes they decrease somewhat (ATO.A == by 16 dam),
‘ but considerably less than they increase in the high latitudes (AT -

by 321 dam). Thus, only a redistribution of energy by latitude canndt ex-

plain the warming process, The energy evidently also arrives from the

lower~ and above-lying layers of the atmosphere,

Table 1

Mean Geopotential Values (il dam) Obtained Using Radiometer Data from the
Isobaric Surfaces

CenepHast wupota, 2pad

MO
F | 55 | % 7| 55 | |55 | %

PHE (, ko
noayuwa-

noayia-
pue

fnoayma
pue

4 9 ‘nexabpa 1976 r. 5 6 nusapa 1977 r. 5 14 auoapn 1977 r,

5 | 3322 | 3466 | 3345 1 3444 [ 3311 | 3330 | 3541 [ 3527 | 3333 1 3515 | 3534 3331
2 | 3890 | 4044 { 4205 | 4047 | 475 | 4175 | 4195 | 4179 | 4128 | 4138 | 4190 { 4132
0,4 15019 1 5149 | 5404 | 5190 | 3340 | 5349 | 5387 | 350 | 5249 | 5306 [ 5390 | 5315

KEY:
1. mb
2, North latitude, degrees
3. hemisphere
4, December
5. January

The third, final warming wave began in the third ten-day period in February,
The warming process attained its maximum development on 6-9 March, when a
temperature of 22°C was noted over Kheys Island at 45 km and the southerly
wind had a velocity greater than 60 m/sec.

In the lower mesosphere the anticyclone, extending from the direction of
the Pacific Ocean, occupied the pole, changing the circulation over the
western hemisphere. The rocket stations Thule, Poker Flat and Primrose
Lake during this period noted stable easterly winds. In the mesosphere
an anticyclone was observed over the pole about two weeks. In the strato-
sphere there was no pressure restructuring in the high latitudes. By 20
March the warming process had ended.

In order to characterize the intensity of circulation in the first two warm-
ing waves we computed the index of meridional circulation Iy by the Kats
method [2] using the daily values of geopotential height at the 10-mb
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level along the circles of latitude 70° and 40°N for November and December
1976 and January 1977.

Table 2

Temperature at Stratopause (t°C) and Index of Meridional Circulation (Iy
dam/degree meridian) at 10-mb Level During First and Second Warming Waves

1976/1977
B nepuon | Tlocne | B nepuoa| Flocne
nlel:ﬁw“lﬂ;n lnorgnnc- notennes |11 nogen- notenae:
. s ) nig 3 aewis | wHA - g
'n. Xefca 6 ~36 +12 —24 +2 —48 ' ’
Lo eow | 0,63 1,66 1,20 2,60 1.0
tomorpan 1| —15 +9 —30 | -8 ~23
bowe o 5 1,08 22 1,32 326 | 188
KEY :
1) Before warming 6) Kheys Island
2) During period of first warming 7) 70°N
3) After warming 8) Volgograd
4) During period of second warming 9) 40°N

5) After warming

The index of meridional circulation during this period in the high and
middle latitudes has two clearly expressed main maxima corresponding to
the moment of onset of warmings. The maximum value Iy in the high lati-~
tudes in the first warming was observed on 17-19 November and exceeded
by a factor of 2.5 the Iy value before the warming, whereas in the middle
latitudes it was by a factor of two.,

The second Iy maximum is noted in the third ten-day period of December; it
is greater than the November maximum and in the middle latitudes the I
value attains 3,26 dam/degree meridian, whereas in the high latitudes it
has a value which is somewhat less and equal to 2.6 dam/degree meridian,

A comparison of the index of meridional circulation with the temperature
values in the neighborhood of the stratopause according to data for the
stations at Kheys Island and Volgograd indicated that near the moments of
the I maximum it is possible to observe the maximum temperature values
(Table 2).

A distinguishing characteristic of the winter of 1977/1978 was an intensive
development of the subtropical zone of high pressure in the Atlantic Ocean
region. The anticyclones developing in the troposphere were frequently high
and attained the 50-mb surface, and sometimes also the 10- and 5~mb sur-
faces. The warm regions associated with the Atlantic anticyclones moved
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into the polar latitudes and caused stratospheric warmings.

Fig. 1. Pressure map at an altitude of 535 km on 14 March 1978. The dots rep-
resent satellite orbits,

The first warming was observed in mid-December-early January; it was local
and was noted only in the neighborhood of the stratopause, The temperature
in this case increased by 30-40°C. Temperature maps for the levels 35 and

40 km for 3 January 1978, constructed using data from an American satel-
lite, show a displacement of the warm region into the polar region. The tem~
perature at the center of the region became higher than those values which
are observed in the subtropical zone. This gives basis for assuming that

in addition to advection, other factors also participate in the warming
process., During the time of this warming there was no pressure restructur-
ing at the 10-mb level.

The second warming wave began on 25 January. At the end of January, at all
levels from 30 to 60 km, a pressure restructuring of the field was ob-
served. The temperature maps, compiled on the basis of satellite data
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for 31 January 1978, at 35 and 40 km show a summer temperature distribu-
tion Ln the polar region, At an altitude of 40 km over the pole there is
an isotherm for 0°C. In contrast to the preceding warming, this was more
extensive, characterized by a pressure restructuring of the field and the
lowering of the heat region into the lower stratosphere (to 20 km), Ac-
cording to data for Kheys Island, the greatest amplitude of temperature
change, equal to 65°C, was noted in the reglon of altitudes 28-30 km.
Simultaneously with warming in the stratosphere, at mesospheric altitudes
there was formation of a region of cold. Over Kheys Island at an altitude
of 70 km the temperature decreased by approximately 40°C. The warming was
brief, and by 6 February the process for the most part had ended. Accord-
ing to the high-altitude waps, constructed for 8 February 1978, in the lay-
er 35-60 km in the extratropical latitudes of the northern hemisphere

a cyclonic circulation had been restored. In the first half of March there
is a third warming wave which is accompanied by the advance of the high-
pressure reglon and the heat zone in a poleward direction.

It can be seen from the high-altitude maps for constant levels for 14 March
that the anticyclone occuples the polar region at altitudes 35~55 km
from the direction of the Pacific Ocean and Canada (Fig. 1).

In the third ten-day period of March the process of final warming ends;
the anticyclone was displaced from the pole into the Chukotka region and
its altitude decreased to 42 km,

It is of definite interest to examine the change in some energy character-
istics during the warming period. As an example we give computations of
the following energy characteristics for the second warming wave in the
winter of 1976/1977: kinetic energy (KE) per unit volume, meridional ad-
vection of kinetic energy (MAKE), generation of kinetic energy of zonal
motion (GKEZM), zonal available potential energy (ZAPE), meridional advec-
tion of heat and mass [3].

In the computations we used meridional sections of the zonal meridional
wind and temperature for two meridians: 65°E and 75°W from the equator to
the pole for the layer 20-60 km,

The energy characteristics were computed for 8 December 1976 before the on-
set of the warming and 22 December 1976 during the warming.

Figure 2 represents meridional sections of kinetic energy for 8 and 22
December. The KE distribution on 8 December is characterized by three
clearly expressed maxima associated with the maxima of zonal velocity: in
the_eastern hemisphere in the middle latitudes at an altitude of 35-38 km
(10! J/m3) and in the equatorial region at an altitude 25-27 km (10l 3/md)y;
in the western hemisphere in the high latitudes at an altitude 25-28 km
(2:101 g/m ) (Fig. 2a). The KE reserves in the layer 20-60 km in the east-
ern and western hemispheres are close and are 0.13:1020 J (these and
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similar evaluations were made on the agsumption of a zonal distribution of
temperature and velocities in the eastern and western hemispheres). Most
of _the KE 1s determined by the zonal velocity. Its contribution 1is 0,12
10Y J in both the eastern and western hemispheres.

Tl A A A
Z kM H
L H fo.'
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Fig. 2. Meridional section of distribution of kinetic energy. B) reglons of
maximum values, H) regions of minimum kinetic energy values, J/m”. a) 8
December 1976; c) 22 December 1976.

KEY:
A. Eastern
B. Western
C. Hemisphere

By 22 December the KE reserves in the eastern hemisphere had increased to
0.26+1020 J and in the western hemisphere —- to 0.22:1020 J, The KE maximum
in the eastern hemisphere attained values 2-101 J/m3. The KE maximum attain-
ed still greater values in the western hemisphere —-- 3.101 J/m3 (Fig. 2b).
The greatest KE increase in the_eastern hemisphere is observed in the lat-
itude zone 70-90°N from 0.29-1018 ;7 to0 0.20-1019 ;.

In the western hemisphere in this same latitude zone there is also the max~
imum KE increase: from 0,19:1019 ¢o 0.52-1019 7,

The development of the Pacific Ocean anticyclone and its northward displace-
ment led to a marked intensification of meridionality in the high lati-
tudes. For example, in the latitude zone 70-90°N in the eastern hemisphere
the contribution of zonal velocity to KE was 8.65-1018 J, whereas the con-
tribution of meridional velocity was 0.13-1017 5, In the western hemisphere
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the prodominange of the contribution of meridional velocity 1is still great=-
er == 0,55°1018 and 0,47+ 10 J respectively,
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or a} ({2'!5 b
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Fig. 3. Vertical profile of kinetic energy (a) and available potential en-
ergy of local motion (b). 1) 8 December; 2) 22 December

During the period from 8 through 22 December there was a substantial re-
structuring and vertical redistribution of KE. Figure 3a shows the ver-
tical profiles of KE for 8 December (curve 1) and 22 December (curve 2),
constructed for the northern hemisphere. Whereas for 8 December (before
the onset of warming) there was characteristically a monotonic decrease

in KE with altitude, the vertical KE profile for 22 December reveals a
well-expressed maximum in the region 30 km, In the lower part of the atmo-
spheric region which we considered (approximately to 23 km) there is a de~
crease in KE during the period from 8 to 22 December; aloft == up to 60
km -- there 1s a considerable KE increase. A similar picture is observed
in both the western and eastern hemispheres.

The mean rate of KE change from 8 through 22 December (during a period of
considerable KE growth) as an average for the hemisphere was 0.2010° J/
(day'm3) The maximum KE increase was observed in the zone 70-90°: 0,44
10° J/(day-m ) in the hemisphere, 0.32.10° J/(day.m 3) in the eastern hemi-
sphere and 0.55:10° J/(day-m3) in the western hemisphere. It 1s interest-
ing to compare these values with the estimates for the generation of kin-
etic energy of zonal motion (GKEZM). On 8 December the mean absolute GKEZM
values were 0.20-102 J/(day*m3), on 22 December -- 0,23-102 J/(day~m ).

These estimates show that exchange between zonal potential and kinetic en-
ergies can introduce a substantial local contribution to the evolution of
KE in the atmospheric region which we considered.
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The reserves of available potential energy of zonal motion (ZAPE) in the
entire layer from 20 to §Q km during the considered psaiod changed inadig-
nifteantly: from 0,13¢10%0 J on 8 December to 0,12:1020 J on 22 December,
Bul we note a substantinl redistribution of ZAPE with nltitude. Figure 3b
shows vertlcal profiles of ZAPE constructed for the northern hemisphere

for 8 December (curve 1) and 22 December (curve 2). Approximately above

the 16 mb surface there is an appreciable decrease in ZAPE on 22 December
in comparison with 8 December; below this surface, on the other hand, there
1s an increase in ZAPE (at the lower boundary of the reglon to 0,6+1015 J/
m). Thus, the change in KE and ZAPE with altitude is in antiphase,

Table 3

Mean Absolute Values of KE Influxes, Influx of Heat (J/day-m3)) and Influx
of Mass (g/(day-m3)) as Result of Meridional Circulation, 1976

8 December 22 December
KE influx 0.12.101 0.92+101
Heat influx 0.35+103 0.72103
Mass influx 0.23+101 0.45+101

In conclusion we will discuss the estimates of the influx of KE, heat and
mass as a result of meridional circulation., Table 3 gives estimates of
these parameters for the northern hemisphere for 8 and 22 December,

The contribution of the meridional circulation to change in KE (in compar-
1son with the mean rate of KE change) is extremely significant and can ex-
ert an influence on the KE change. During a period of warming the KE in-
flux as a result of meridional circulation increases by almost an order of
magnitude. The influxes of heat and mass as a result of meridional circul-
ation also increased during a period of warming (by a factor of approx-
imately two).

Our computations make it possible to draw the following conclusions:

l. The period before the onset of a warming (8 December) was characterized
by a monotonic decrease in KE with altitude; during a warming period there
1s a well-expressed KE maximum in the region 30 km.

2. During the perfod of the warming process there is a KE decrease in the
lower stratosphere (below 23 km) and an Increase in the above-lying layer;
in general, in the layer 20-60 km the KE almost doubled.

3. The ZAPE vertical profile (both before the onset of warming and during
the warming period) is characterized by the presence of a maximum at ap-
proximately the level of the 16-mb surface; above this maximum, during
the period of warming there was a decrease, and below -~ an increase in
ZAPE; on the whole the ZAPE reserves in the entire layer 20-60 km changed
insignificantly.
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The results are evidently characteristic for most warmings occurring with
a pressure reatructuring.

1,

3.

4,

I
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UDC 543.426:547.,6:614,71

INVESTIGATION OF THE BACKGROUND CONTENT OF POLYCYCLILC AROMATIC HYDROCARBONS
PRESENT IN AILR

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 6, Jun 79 pp 41-45

' [Article by Doctor of Chemical Sciences F. Ya. Rovinskiy, T. A. Alekseyeva,
Candidate of Physical and Mathematical Scilences T. A. Teplitskaya, Insti-
tute of Applied Geophysics, Moscow State University, submitted for public-
ation 23 October 1978]

Abstract: The article describes an investiga-
tion of the background content of polyeyclic
aromatic hydrocarbons (PAH) in atmospheric

alr by means of extraction at room tempera~
ture and narrow-band luminescent spectroscopy
(Shpol'skiy effect), including the spectra of
fluorescence, phosphorescence and excited
luminescence. In the organic matter of aero-~
sols, without use of chromatography, it was
possible to determine 11 PAH, a number of pyrene
alkyl derivatives, homologues of naphthalene,
phenanthrene and chrysene. The quantitative
content is given for the seven prevailing com—
pounds. The content of 3,4-benzopyrene varies
from 0.001 to 0.04 p.g/100 m3,

[Text] Polycyclic aromatic hydrocarbons (PAH), frequently having toxic and
carcinogenic properties, are substances occurring quite widely in the en-
vironment.

For the purpose of effective monitoring of the level of concentration of PAH
in the environment, especially in atmospheric air, it is necessary to have
rapid and reliable methods for the precise identification and quantitative
determination of PAH,

In many studies for the determination of carcinogenic polycyclic hydrocar-
bons in atmospheric air researchers have limited themselves to the search
for only the one strong carcinogen 3,4-benzopyrene, regarding it as an in-
dicator of the entire PAH group [10]. But the organic matter of air samples
contains tens of aromatic hydrocarbons, some of which have a weak or ques-
tionable carcinogenic activity, whereas others are relatively highly ac-
tive [2]. A significant contribution to the total carcinogenic effect
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of PAH is from substituted aromatic structures, since in contrast to the

holonuclear structures related to them, in the substituted homologues of

PAH there is frequently an intensification of the carcinogenic properties
and the blologlcal effect can vary greatly in dependence on insignificant
structural variations.

The hydrocarbons accompanying 3,4~benzopyrene most frequently are carcino-
gens or cocarcinogens, enhancing the overall carcinogenic effect. In some
cases some of them can play the role of inhibitors of the carcinogenic
effect, and then they lead to a decrease in the degree of the carcinogenic
effect. Accordingly, the speedy determination not only of 3,4-benzopyrene,
as an indicator of the carcinogenic effect, but also the entire range of
PAH, including substituted aromatic structures, 1s of great importance.

There are a number of physicochemical methods for determining PAH in en-
vironmental objects: ultraviolet absorption and molecular mass spectro-
metry, gas-fluid chromatography, and sometimes use 1s made of the lumin-
escence spectra obtained under ordinary conditions at room temperature
[5]. In the USSR, since the time of discovery of the Shpol'skiy effect
in 1952, the development of methods for determining PAH in environmental
objects has rested on narrow-band luminescent spectroscopy. Up to the
present time this method has been used in various media for determining
up to 15 different holonuclear PAH; the particular ones detected has dif-
fered greatly among different researchers. The methods of hot extraction
of PAH and subsequent chromatographic separation have been generally em
ployed [3, 9].

Modern data on the occurrence of PAH in different natural objects make it
possible to postulate that the most usual way in which these molecules
arise in nature may be either a thermal effect on organic matter or syn-
thesis, most frequently at high temperatures. The possibilities of chem-
ical transformations in the temperature effect process are also indicated

- by some principles and experiments in classical chemistry and biochemistry
[4, 8]. Therefore, when there is reference to determining the background
concentrations of PAH, the methods for preparing the samples for analysis
and the techniques for the analysis itself must exclude all types of tem-
perature or any other hard effect, and determination of only some holo-
nuclear structures is inadequate for determining the degree of the over-
all carcinogenic danger.

In this connection it was lmportant to develop a method for the speedy de-
termination of PAH, including substituted aromatic structures, without
using hot extraction and chemical chromatography.

Such a method was developed on the basis of application of the Shpol'skiy
effect and has been described in [1, 6, 7]. In order to broaden the range
of determined PAH it was necessary to use all types of emission spectra,

including not only the fluorescence and phosphorescence spectra, but also
the spectra of excitation of luminescence in a wide range of wavelengths
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from the ultraviolet to the red., sach an approach made it possible to de=-
velop and use a complex of lumine.cent-spectral methods employing modern
types of spectrofluorimeters, which makes it possible not only to deter~
mine hydrocarbons having standard analogues, but also to diagnose the type
of molecular structure with possible side substitutions of any luminescent
molecule, giving structural spectra under the conditions of the Shpol'-
skly effect [1]), Identiffcation using standard analogues is carried out

on the basls of use of the atlus of quasilinear luminescence spectra (7],

The method was applied to investigation of PAH in the organic matter of air
aerosols at the background station Borovoy, The air was passed through an
FPA filter for 24 hours at a constant rate; the total volume was 1920 m3,
fixtraction was carried out with n-hexane at room temperature.

384
372

393

J6o 400 400 450 450 450 A um

Fig. 1. Identification of pyrene, 3,4-benzopyrene, naphthobenzopyrene "p,"
1,12-henzoperylene, coronene, anthanthrene and perylene from fluorescence

spectra in an n-hexane extract: Xex = 337 (1), 300 (2), 410 (3), 421 (4)
nm; 77K, fluoricord.
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Fig. 2. Identification of a number of aromatic compcunds and their substi-~
tutes from fluorescence spectra of an n-hexane extract; Na, = 288 (1),
291 (2), 300 (3) nm; 77 K. Fluoricord.

An example of the photoelectric determination of seven PAH present in pre-
vailing quantities is given in Fig. 1. For determining these PAH we used
the method of spectral fractionation of a complex mixture, which led to
identification of a large group of aromatic substances,

An invariable component of the range of PAH in aerosols is pyrene, whose
characteristic fluorescence spectrum is determined from the strong bands
372, 379, 384, 389, 393 nm with excitation at the strongest maximum of

the excitation spectrum 337 nm. By excitation in the band 300 nm it 1is
possible to discriminate spectrally 3,4~benzopyrene (403, 427 nm), naphtho-
benzopyrene"D" (413 nm) [naphthobenzopyrene "D" is 8,9~benzonaphthopyrene
(2", 1":3,4], 1,12 benzoperylene (417, 420, 423 nm) and coronene (432, 446,
455 nm). Excitation at 410 nm is optimum for discriminating anthanthrene
(434, 441, 461, 466 nm), whereas excitation at 421 nm is best for discrim-
inating perylene (447, 454, 476 nm) from a similar complex mixture of PAH.
These seven aromatic compounds determine fluorescence in the visible region
of the spectrum. For discriminating tetraphene (384 nm) and 1,2 benzopyrene
(389 nm) we use optimum excitation with A, = 288 and 291 nm respectively
(Fig. 2). Their identification 1s also confirmed by the narrow-band fluor-
escence and phosphorescence spectra. With Aex » 345-355 nm one observes
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the presence of 3=-methyl, 3-cthyl and other pyrene substitutes. It was es-
tabllshed by an investigation of the excltation gpectra of short-wave
fluorescence (320-380 nm) that the narrow-band structure in the reglon 320~
340 nm belongs to substitutes of naphthalene; the strong band with the maxi-
mum at 345 nm can be identified with the fluorescence of benzofluorenes or
thelr homologues; the bands in the regilon 353, 363 nm belong to the homo=
logues of phenanthrene and chrysene respectively, The absence of few-ring
holonuclear structures (naphthalene, fluorene, phenanthrene), identified in
many products of pyrolysis and technogenically affected natural environments,
can explain their lesser stability. With entry into an open medium such
structures are more subject to photochemical transformations than are hydro-
carbons with many rings.

Table 1

Content (p-g/100 m3) of Prevailing PAH in Air Samples at Background Station

Bpemn Hadro.
3,4-Gena- 1,12-Gena- : Antan- | Mepu- 3
ot6opa Mupen | Genani+ | Koponen p
fikpen flepitacit tpen | aen
npob en eJl»
pod 2| 4 4 |P qll 6 7 3
29 VLI 1976{ 00135 | 0,2700 0,0068 | 0,0034 — 0,0050 | 0,0050 | 0,3037
20 IX 0.0094 | 0,0570 | 0,0047 0,0030 | 0,0020 | 0,00435] 0,0025( 0,0821
12 X1l 00245 | 03300 | 0,0156 | 0,0060 | 0,0036 | 0,0200] 0,0147| 0,4144
26 1 1977 0,0318 0,3180 0,0262 0.0063 | 00010 | 0,0240] 0,0159( 0,4232
25 It 0,020t 03250 | 0,0192 0,0055 | 0,0010 | 0,02701 0,0160{ 0,4238
21 11 0.0006 | 0,0700 | 0,0057 | 0,0010 — 0,0038] 0,0010( 0,u911
27 1V 00089 | 0,1100 ! 00572 | 0,0018 | 00010 | 0,0055 - 0, 1844
25 VI 0,0038 ;| 0,0950 | 0,0048 | 00010 | 0,0026 - 0,0010/ 0,1082
26 VI 0,0036 | 00700 | 0,0036 | 0,009 | 00010 —_ 0,0025| 0,0816
27 VI 0,0072 | 0,0600 0,0042 0,0009 - —_ . 0,0723
28 VI 0,0057 | 00570 0,0036 | 0,00 —_ — - 0,0672
1 Vil 0,0073 | 0,0580 | 0,0038 | 0,0010 —_ 0,0¢501 0,0010] 0,0761
2 vl 0,0010 | 0,0100 - - — — - 10,0110
3 VII 0,0015 | 0,0100 — — — - I~ 0,0115
4 VIl 0,0022 | 0,0420 0,0017 | 00010 | 0,0010 | 0,0037| 0,0025{ 0,0541
5 vl 00096 | 00480 | 00050 | 0,0019 | 06,0010 | 0,0048 0,0032] 0,0735
s vit 0,0034 00810 | 00014 | 00009 | 00010 | 0,0020| 0,0014| 0,091
15 V11 0,0087 0,0870 | 0,0062 0,0017 0,0041 — 0,0015] 0,1036
25 Vili 00075 | 0,850 | 0,0070 | 0,0015 | 0,0047 — — 0,10587
61X 00354 | 0,1500 | 00248 | 0,0060 | 00147 | 0,000 0,0147] 0.2656
15 1X 0,0058 | 0,2700 | 0,0m96 | 0.0025 | 0,0058 | 0,0041( 0,008 0,3036
24 IX 0,0401 02100 | 0.0143 0,0020 1 0,0057 | 0,0040) 0,0050{ 0,2811
4 X 00145 0,2900 | 0,0099 0.0036 0,0035 | ©,0036] ©),007*| 0,3323
12 X 0,0335 0,4400 | 00153 0,0025 | 0,0073 | 0,0050( 0,0080( 0,5126
KEY:
1. Time of sampling 5. Naphthobenzopyrene "D"
2. 3,4-benzopyrene 6. Coronene
3. Pyrene 7. Anthanthrene
4. 1,12=-benzoperylenc 8. Perylene

The table shows that the content of 3,4~benzopyrene in the air at the hack-
ground station varies in a very wide range from 0.001 to 0.04 .g/100 m?, The
maximum contents of 3,4-benzopyrene and other hydrocarbons were noted in
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the winter months, This was evidently associated with the influence of heat-
ing systems, whereas the decrease in the quantitative content and qualita-
tive varlety of PAH in the air during the period of the summer months is
attributable not only to a decrease in their entry into the atmosphere, but
also oxidation under the influence of more intensive UV radiation,

Thus, the described method for determining a large range of PAH and their
substitutes affords a possibility for the speedy analysis of such compounds
without use of complex methods of extraction and subsequent fractionation
and can be recommended for background stations in the monitoring system.
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UDC 551.(558+577.21)

RELATIONSHIP BETWEEN VERTICAL MOVEMENTS IN THE LOWER TROPOSPHERE AND THE
CHARACTERISTICS OF STEADY PRECIPITATION

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 6, Jun 79 pp 46=51

[Article by Candidate of Physical and Mathematical Sciences V. S. Antonov,
Chernovitskiy State University, submitted for publication 2 October 1978]

Abstract: On the basis of an analysis of
numerous data on steady precipitation and
the computed values of vertical currents

it is shown that ascending vertical move-
ments in the lower troposphere are a neces-
sary but inadequate condition for the fall-
ing of precipitation. In order to obtain
reliable and adequately precise results .of
computations of steady precipitation it is
necessary to take into account the intra-
cloud physical processes, which can be
evaluated indirectly on the basis of some at-
mospheric macroparameters, The article gives
the natural dependence between the complex
of thermodynamic atmospheric parameters and
the intensity of steady precipitation, in
which case the guaranteed probability of

the correlation exceeds 88%. The choice of
parameters for deriving this dependence was
substantiated by the kinetic theory of phase
transitions of water in the atmosphere.

[Text] Ordered vertical air movements are an important factor in weather
formation. Acting in relatively large spaces commensurable with the re-
glons occupied by synoptic formations, and long retaining their direction,
ordered vertical movements change atmospheric stratification, lead air
masses to a state of saturation and formation of cloud cover, or, vice
versa, lead to the destruction of cloud systems and the drying out of the
air,
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In presently existing methods for predicting steady precipltation the fact
of its falling is determined from the state of saturation of some air lay-
er by water vapor and the quantity of precipitation is determined by the
quantity of condensed moisture [5-8, 11, 12]. Since the processes of con-
densation of water vapor in the free atmosphere are associated with the
adiabatic cooling of alr mansses for the most part as a result of upward
movement of unit volumes of alr, then, naturally, in computing precipita-
tion the greatest attention is devoted to the intensity of this cooling,
caused by the velocity of the ascending movements of air masses. For this
reason it appears that 1f we lay aside other factors participating in the
processes of precipitation formation, such as the phase transitions of
water in the atmosphere, 1t will be reasonable to postulate the existence
of a dependence between vertical currents (their intensity), the intensity
factor, and in the last analysis, the quantity of steady precipitation.

First of all we will examine the frequency of recurrence of the sign of the
vertical component of the wind velocity vector at any computation point
when steady precipitation is present here.

Table 1 gives data on the frequency of recurrence of the sign of vertical
currents, expressed in mb/12 hours at the isobaric surfaces 850, 700 and
500 mb, with the presence of steady precipitation at the ground, which was
noted at different points of computation of vertical currents in the course
of the day and at the time of computation of these currents.

For computing the frequencies of recurrence represented in this table we
used data obtained from the synoptic archives of the USSR Hydrometeorolog-
ical Center and the Kiev Weather Bureau during the period from 1964 to 1972
for stations located in the European USSR. Using precipitation maps we
selected points and days for them during which steady precipitation fell
(regardless of the period of falling of precipitation on these days). For
the points and days selected in this way we copied the vertical currents

at the isobaric surfaces 850, 700 and 500 mb, which were computed at the
USSR Hydrometeorological Center by the method developed by S. L. Belousov
[11], at the beginning and end of days with precipitation. For the mention-
ed points we computed the mean daily values of the vertical currents as the
half-sum of the values of the vertical currents at the beginning and end of
days with precipitation.

Then we selected cases when steady precipitation fell at the points of com—
putation of vertical movements at the times of computation of the latter.
As a result of such a choice it was found that the total number of comput-~
ations of vertical currents for each of the three principal isobaric sur=-
faces for the beginning of a day with steady precipitation was 737 cases;
for the end of a day with precipitation ~- 734 cases, the number of mean
daily values of vertical currents at each of the three main isobaric sur-~
faces -- 630 cases, the total number of computations of vertical movements
associated with the moment of falling of steady precipitation at the levels

55

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100090012-8



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100090012-8

FOR OFFICIAL USE ONLY

of the 850~ and 700-mb isobaric surfaces == 471 cases, The frequency of
recurrence of the sign of vertical currents during precipitation was com-
puted by the well-known method as the ratio of the number of ascending

or descending alr movements to the total number of computations of ver-
tical currents at any particular isobaric surface for a definite variant
of computation of vertical movements on a day with precipitation,

Table 1

Frequency of Recurrence (%) of Sign of Vertical Component of Wind Velocity
Vector at Isobaric Surfaces 850, 700, 500 mb With Presence of Precipitation
at Ground Falling During the Day and at the Time of Computation of Vertical
' Currents

850 | 700 1 500

Napaktepuctika nostopre- 5 BepTHKAALHMNE TORN

MOCTI 3HAKA  BEPTHKAABLHBIX

TUKOD IAR MOMeNTa pacuera #OCXORR- |uHcXofd- | Bocxoas- | Huexoan-) socxoas-| whexons:
1 | Wheq | wMe 4| wHe 3| wHe 4 wwe wHe

MosTopaemMocTs 3HaKa

5 uepTHKAALHLIX  TOKOB, pac-
CHHTAHHWX B Hauale cytok
¢ ocaakaMmi 48,3 51,7 48,8 51,2 42,0 58,0
ooToprevmocts 3xaKa

6 BUDTHKAABHWX  TOKOB, pac-
CUHTAINKX B KOMUE CYTOK C|

ucaakamit 44,8 53,2 44,8 55,2 39,9 60,1
MosTopacmocts .3HaKa
FCPCANNX  BEPTHKAABHMX TO-

KOB 32 CYTKM C OocaaKaMi 54,0 46,0 53,8 46,2 50,5 49,5

8 MouTtopaemocts 3uaxa nep-
TIKAALHBIX  TOKOB, paccqi-
TAUHWX B MOMEHT BmNage-
1018 VCA1KOB 71,0 29,0 775 22,5 - -

KEY:
1. Characteristics of frequency of recurrence of sign of vertical cur-
rents for time of computations
2, Vertical currents
3. ascending
4. descending
5. Frequency of recurrence of sign of vertical currents computed at
beginning of day with precipitation
6. Frequency of recurrence of sign of vertical currents computed at
end of day with precipitation
Frequency of recurrence of sign of mean vertical currents for day
with precipitation
Frequency of recurrence of sign of vertical currents computed at
time of falling of precipitation

~
.

=]
)

Now we will examine Table 1. It can be seen that ascending air movements
at the main isobaric surfaces at the beginning of a day with precipitation
are observed in 42-48.8% of the cases, and descending movements ~- in 51.2-
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58% of the cases. At the end of a day during which precipitation fell,
the frequency of recurrence of ascending currents 1s still less and is
39.9-44,8%; however, the number of cases of descending currents increases
to 55.2-60.1%. The frequency of recurrence of the sign of the mean vertical
movements for days with precipitation correlates somewhat better with the
ideas concerning the relationship between vertical currents and precipita-
- tion, Here the number of cases of ascending movements at the main isobaric
surfaces is 50,5-54%, and descending currents =- 46-49.5%., However, on
the whole, the vertical currents in the lower troposphere as means for the
day and computed at the beginning or end of day, almost to an identical
degree with precipitation falling during the day, can be both ascending
and descending.

This clrcumstance suggests that either the method for computing vertical
currents used at the USSR Hydrometeorological Center incorrectly reflects
the macrophysical process or there is no direct relationship between the
fact of falling of precipitation and ordered vertical air movements in

the form which we considered. The first doubt immediately disappears if

we turn to the last row in Table 1. It follows from this table that the
ascending vertical air movements, computed at the time of falling of pre-
cipitation, are observed in 71% of the cases at the level of the isobaric
surface 850 mb and in 77.5% of the cases at the level of the isobaric sur-
face 700 mb., Since the vertical air movements used here are determined by
the structure of the pressure field and its changes with time, and the
sign of the vertical currents characterizes the mean 12-hour direction of
movement of elementary air volumes along the trajectory, therefore, with
ascending movements at the end point of the trajectory, that is, at the
computation point, if there is adequate moisture content in the ascending
alr masses there will be a cloud cover, and with appropriate conditions,
precipitation as well. Therefore, if we lay aside cases of considerable
transformation coolings of air, it seems natural that in the presence of
steady precipitation there will be only ascending vertical currents at

the computation point. And in actuality, in the data cited in Table 1 on
the frequency of recurrence of the sign of vertical currents during precip-
itation at the time of computation of vertical movements one discovers a
predominance of ascending movements., However, this is only a predominance
and not a complete coincidence. It can be postulated that in the existing
22,5-29% of the cases of descending currents during precipitation at the
time of computation of vertical movements in part there were errors in de-
termining the latter due to failure to take nonadiabatic factors and other
considerations into account, and in part there could also be clouds and
precipitation when there are small (close to zero) descending vertical
currents when there is adequate transformation cooling of air masses.

Thus, it has been shown that if at one point or another there is steady
precipitation, at this point during the preceding 12 hours on the average
there were ascending air movements. However, the conclusion drawn by no
means Implies an inverse correlation, that is, i1f during the preceding
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12 hours ascending currents, on the average, were observed over a partic-
ular point, ateady precipitation must fall at this point, since precipit-

1 ation 18 formed in clouds whosu formation in the presence of ascending

- currents in the atmosphere must be ensured an adequate moisture content
from the air mass. Moreover, even in the presence of a cloud cover in some
layer of the atmosphere and ascending currents there may be no precipita-
tion if the intracloud physical processes are inadequately active and do
noT lead to a rapid growth of a definite number of cloud particles [1, 9,
10].

For example, in [2] a study was made of the frequency of recurrence of pre-
cipitation reaching the earth's surface in dependence on the relationship
between the moisture deficit and vertical movements at the 850-mb surface
with different air temperatures at this same level., It was found that with
positive temperatures, ascending movements (W< =10 mb/12 hours) and a
total saturation of the layer with water vapor (T - T4 = 0°C) the proba-
bility of falling of precipitation at the earth is 50%; with the above-
mentioned conditions, but with an air temperature -1, -9°C precipitation
was noted at the surface in 69% of the cases; finally, at temperatures

of =10°C or below the probability of precipitation attained only 77%.

An analysis of the material presented in the above-~mentioned study indicated
that there is no correlation between the precipitation reaching the earth's
surface, moisture deficit and vertical velocities at some one isobaric sur-
face, in particular, 850 mb, in the case of positive and small (-1, -9°C)
negative air temperatures. With air temperatures at the 850-mb isobaric
surface of -10°C or less the dependence which we have discussed is dis-
covered more clearly. In the case of total saturation precipitation is not
dependent on the intensity and direction of vertical movements. This is
evidently attributable to the fact that at' temperatures of -10°C and less a
process of intensive crystallization begins in clouds; this process causes
a transition of the cloud from a droplet into a mixed state. As is well
known, in mixed clouds the precipitation-forming processes are very active.
However, these clouds can be situated both above and below the 850-mb level.
Therefore, despite the considerable inadequacy of air saturation at this
level, but in the presence of any vertical currents precipitation will be
observed at the earth's surface. On the other hand, if mixed clouds present
at the 850-mb level have an insignificant thickness (less than 400 m), pre-
cipitation is not formed in them [1l, 2]. In this case, with total satura-
tion at the isobaric surface 850 mb, no precipitation will be observed at
the earth's surface, regardless of the intensity of the ascending air move-
ments. Thus, it can be concluded that when using two parameters of state

of the atmosphere —— moisture deficit and vertical currents —— without al-
lowance for the kinetics of cloud processes it is impossible to obtain
high-probability correlations between precipitation and the mentioned para-
meters; in particular, it 1s impossible to hope to discover a correlation
only between precipitation at the earth's surface and vertical currents.

Now we will examine the correlation between vertical velocity, on the one
hand, and intensity, and also daily quantity of precipitation, on the other.
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Table 2

jorrelation Coefflelents v Between Vertical Curvents at Isobaric Surfaces
850, 700 and 500 mb, Daily Quantity RR and Intensity I of Steady Precipit=

ation

ey Wir Mexay RR w P oMexay I on
HaoGapu- A ny'..v.':n‘Rﬁacl-I«em Won nynkrax| e mexay RR| Wb nynkrax
deckan |y, ¢ ipeescnupx| PAC1etd W, oo it cpenheey-[pacuera W, on.
noBeps- |\ anane  cyrok of POICACINEX B | ToNNOR e peacactnbix 1
octb, M0 ocaARaNN koude  eyrok cf amnod W moment sunate-
1 2 ocaﬂgnmn 4 HHA gcnnkou

850 0,22 0,31 0,31 0,37

700 0,21 0,30 0,30 0,57

500 0,22 028 0,32

KEY:

1, Isobaric surface, mb

2. r between RR and W at points of computation of W, determined at be=-
ginning of day with precipitation

3. r between between RR and W at points of computation of W, determined
at end of day with precipitation

4, r between RR and mean daily W value

5. r between I and W at points of computation of W, determined at time
of falling of precipitation

Table 2 glves information on the correlation coefficients between the daily
quantity of precipitation and vertical movements at the 1sobaric surfaces
850, 700 and 500 mb, computed by the S. A. Belousov method at the USSR Hy-
drometeorological Center for points where in the course of the day there
was registry of steady precipitation, and also between the intensity of
precipitation and vertical velocity at the isobaric surfaces 850 and 700
mb, which was computed for the times of determination of the intensity of
steady precipitation at different points in the European USSR.

For computing the correlation coefficients indicated in Table 2 we used

data which we mentioned at the beginning of this article. A peculiarity in
the sampling of data for the construction of Table 2 was that at the points
where in the course of the day there was steady precipitation there was
additional registry of its daily quantity and vertical currents at the
above-mentioned isobaric surfaces. For points where at the time of computa-
tion of vertical movements the falling of steady precipitation was noted,

we determined its intensity, averaged for two hours,. using data from pluvio-
graphic observations.

It follows from Table 2 that in all the cases which we considered the cor-
relation coefficients between the daily quantity of precipitation or its
intensity and vertical currents indicate an ahsence of a sufficient close-
ness of the discussed correlations.
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Fig. 1. The figures near the points indicate the intensity of precipitation
according to the pluviograph, determined at synchronous times of meteoro-
logical and aerological observations.

It must be surmised that the influence of vertical movements on steady pre-
cipitation must be manifested complexly, first, through a change in the
distribution of other atmospheric parameters, and second, as a result of
the effect on intracloud physical processes, for which ordered vertical
movements, reflecting the macrophysical atmospheric process, are the back-
ground and general condition for the existence of cloud particles. In the
investigations [1-4, 9, 10] the authors present the theoretical principles
for taking into account intracloud physical processes when determining the
fact of falling of precipitation and computing the intensity of steady pre-
cipitation from stratiform clouds and establish the physicostatistical
correlations between the complex of atmospheric thermodynamic parameters
and steady precipitation. Figure 1 shows the dependence between the inten—
sity of steady precipitation falling at the earth's surface I, the averag-~
ed total relative number of droplets freezing in a unit time in a unit
column of a supercooled stratiform cloud dN/dt and the product of the
thickness of the droplet zone of the cloud ASHZ, the mean liquid-water con-
tent of this zone q, the vertical component of the wind velocity vector at
the level ATq0q9 W oo and the parameter K, characterizing the evaporation

of precipicatgon In the layer below the clouds. In computing the indicated
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parameters we did not consider the real cloud layer, but the atmospheric
layer where the difference between the temperature and the dew point was
two and less degrees (T - Tq& 2°C). The method for computing each of the
above-mentioned parameters has been described in detall in {3, 4], It re-
mains for us only to indicate that the guaranteed probability of computa-
tlons of the intensity of steady precipitation with the use of the con-
sidered graph exceeds 88% und 1s not dependent on eilther the geographic
reglon or the season of the year.
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UDC 551.(501.776:521,31) (47)(263)

OPTICAL DENSITY OF CUMULUS CLOUDS IN THE TEMPERATE LATITUDES OF THE EUROPEAN
USSR AND THE TROPICAL ZONE OF THE ATLANTIC

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 6, Jun 79 pp 52-56

[Article by Candidate of Physical and Mathematical Sciences R, G. Timanov-
skaya, Main Geophysical Observatory, submitted for publication 15 September
1978]

. Abstract: This paper presents the results of
generalization of data on the attenuation of
radiation by cumulus clouds. It is shown that
cumulus clouds, whatever may be their cover-
age in the heavens over either the land or
over the ocean, always contain a definite
quantity of semitransparent elements. When
there are few clouds (cloud cover less than
5/10) the semitransparent elements predomin-
ate over optically dense parts of cumulus
clouds.

[Text] Statistical actinometry, which has been developed during recent years
[71, has opened up great possibilities for investigating the state of the
cloud-covered sky by means of simple and readfly available techniques, which
include actinometric radiation detectors -- actinometers and the Yu, D, Yan-
ishevskily pyranometers.

As demonstrated in [3-7], using such sensors it is possible to determine
from the surface of the earth (ocean) a number of characteristics of the
cloud cover, such as its extent in the heavens (tenths), linear dimensions
of cloud inhomogeneities, optical thickness - transmissivity relative to
the solar radiation incident on the upper boundary of the cloud.

One of the results of the mentioned studies is the conclusion that cumulus
clouds to a definite degree are transparent for incident solar radiation.
Such a conclusion was somewhat unexpected because before these investiga-
tions it was assumed that cumulus clouds as lower-level clouds are not
transparent for direct radiation.
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The conelusion drawn later in [7, 8] that cumulus clouds are semitranspar-
ent was confirmed by experimental results obtained by both the authors of
the mentloned studies and by other researchers [4, 9].

Extensive observational data have now been accumulated on direct solar radi-
ation under cumulus cloud cover conditions, and accordingly, information has
been accumulated on the attenuation of direct radiation by cumulus clouds,
from+ Ich it is possible to make qualitative judgments concerning the op-
tical thicknesses of these clouds.

The purpose of this article is to present for discussion the results of
generalizations concerning the attenuation of direct radiation by cumulus
clouds, and accordingly, on their "optical" thicknesses,

It was demonstrated in [3, 9] that the source of such information is the
differential distribution functions for the relative fluxes of direct ra-
diation S*, that 1s, p(S*). These functions are computed using data firow
continuous records of direet radiation. The duration of the records is 1,5-
2 hours; the discreteness of the readings (reading of ordinates from the
traces) is about 10-15 sec. The validity of such an approach to the pro-
cessing of the traces has been discussed in detail in®[10].

Here, as in [10], by the "relative flux" $* 1s meunt the measured direct
radiation at the moment in time t - S(t), normalized to the radiation of
the cloudless sky So(t), computed for this time:

S*(t)=S(t)[Se(t)]". ()

As a result of such normalization there is exclusion of the influence of
solar altitude (diurnal variation of the hg value) on the statistical
characteristics of direct radiation, including on the function p(s®.

It was demonstrated in [7] that with a cumulus cloud cover the fluxes
$7(t), regardless of time of day, vary from O under conditions of total
coverage of the solar disk by the dense parts of cumulus clouds to 1 un-
der conditions of an open solar disk. The presence of values 0< s*< 1, as
is characteristic for the conditions of cumulus clouds, 1s specifically
evidence that cumulus clouds transmit direct solar radiation partially in-
cident on them. It is logical to expect that with a small coverage of
cumulus clouds in the heavens there should be a predominance of the frac-
tion of semitransparent cloud elements in the cloud inhomogeneities.

Using the p(S*) functions it was possible to ascertain the percentage re-
lationship between dense and semitransparent elements of the cloud layer
in dependence on the tenths of coverage by cumulus clouds.

In accordance with [5], the tenths of cloud cover is easily determined us-
ing the formula
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tom L —p (S #2209), (2)

where p(S*z 0.9) is the total frequency of recurrence of the fluxes S*>'0.9
during the period T, determined using the function p(8*). Here it is assum-,
ed that the possible variability of $* values from 0.9 to 1 is attributable
to the influence of atmospheric transparency, and accordingly, the value
P(S*h 0.9) corresponds to the conditions of a cloud-free sky, that is, to
the sum of the clearings between clouds during the time T.

It is also loglcal to assume that p(S*afO) corresponds to the total fre-
quency of recurrence of optically dense (nontransparent to direct solar
radiation) parts of cumulus clouds n' jonse during this same period T, that
is

'denge = p(*#0). (3)

It 18 evident that the tenths of semitransparent elements n'ggpy is deter-
mined as the difference in the values n and n'gange!

a'semt = 0 - n'dense' (4)

Table 1, on the basis of observational data collected in the Moscow are:,
glves the mean values n'y .. and n'genge for each tenth of coverage by
cumulus clouds.,

Table 1

Relationship Between Dense and Semitransparent Elements of Cumulus Clouds
in Dependence on Their Coverage n in the Heavens According to Observations
in the Moscow Region

1 baaa oGaakos n

2 3 4 | s 6 7 8 9
i
2 My 0 0,05 0,16 ’ 022 | 031 | o40 | 058 | 084
'{:"'"" 0,20 025 024 | 028 02 | 030 022 0,06
KEY:
1. Tenths of cloud cover, n
2. dense

3. semitransparent

These data were obtained as a result of generalization of the traces of
direct solar radiation with a total duration of 380 hours, which corres-
ponds to the cloud space penetrated during this time at the altitude of
cumulus clouds (H=1 km), about 15,000 km. The registry of fluxes was pre-
dominantly when there were Cu hum and Cu med clouds.

The cited data show that with any n cumulus clouds contain semitransparent
elements, as is indirectly confirmed by the photograph in Fig. 1.
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Fig. 1. Photograph of a cumulus cloud taken from the earth's surface and
11lustrating the process of screening of the solar disk by the edge of a
cloud. The solar disk is clearly seen. At this moment the S* value was

equal to 0,2,
Table 2

Percentage Relationship Between Dense and Semitransparent Elements of Cu
Clouds With Their Different Coverages in the Heavens

1 Baaa oGnakos n
2 | 3 s 1 s 6 ] 71 8] 9
9 B O 20 33 43 53] 60 ] 72| 89
3 Mooy | 100 80 67 57 a7 | 40 { 28 | 1
KEY:
1. Tenths of cloud cover n
2. dense

3. semitransparent

When there are few clouds (ng 2) they are usually completely semitransparent
for direct radiation; with 2<n <5 cumulus clouds in large part are also
semitransparent since in all cases n'gepge< n'gemi; in the case of a consid-
erable cloud cover -- with n> 5 -~ the total frequency of recurrence of
dense cloud elements considerably exceeds the corresponding values for semi-

transparent elements.

Table 1 also shows that with 3<n<8 the total frequency of recurrence of
semitransparent elements is identical in absolute value. An analysis of the
relative values ngepi = n'gepi n~! and ngepge = “'densen_l shows that
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with an increase in n the relative importance of the dense parts of the
cumulus clouds increases, whereas the relative importance of the semi-
transparent parts decreases (see Table 2).

Table 2 also shows that in the case of a small quantity of cumulus clouds
in the heavens (with n<3) the cloud inhomogeneities themselves are semi-
transparent, In the remaining cases, evidently, the semitransparent ele-
ments occur both in the peripheral parts of the cloud inhomogeneities and
in cloud inhomogeneities of small horizontal extent, which usually are al-
ways present in the heavens regardless of the extent of cloud coverage.

The general relationship of the ngepge and ngemi values with large n of
cumulus clouds, when 2¢n&9, can be described by the following equations:

Ndensge = 1.2 n - 0.2, (5)
ngemt = 10 - 0.8 n, (6)

where n 1s in tenths.
Table 3

Relationship Between Dense and Semitransparent Sectors of Cumulus Clouds in
Dependence on Thelr Coverage in the Heavens in the Moscow Area and in the
Tropical Zone of the Atlantic

o Cywa ([Toamockosse) O0kean (HHUCIT «dpuer Kpetikeans)
Knoomgasenc;' cyMpmapHan % % cyMMapHan % noAynpos-
XOB f1, |AAHTEABHOCTS RAOTHMX | NMOAYNPO3- [AMUTEALHOCTb| NAOTHBIX pauHMx
6aaaed | DermeTpO- vacrefi pauHbLIX 4ac-| PerHeTpo- yacreft wacted
npaMu, mux | - o61axkos |Teit oGaaKon| rpamM, Mum obaakon 06naxo8
1 4 5 6 4 3 6
2 30 0 100 2 10 90
3 30 20 80 16 31 69
4 60 33 67 —_ - -_
5 70 43 57 10 25 75
6 68 53 47 8 44 56
- 7 50 60 40 12 52 48
8 40 72 28 - -_ -
9. 32 89 11 — — —

KEY :
1. Cloud coverage, n, tenths
2. Land (Moscow area)
3. Ocean (scientific research weather ship "Ernst Krenkel'")
4, Total duration of traces, min
5. % of dense parts of clouds
6. % of semitransparent parts of clouds

As was noted above, all the cited data are characteristic for the Moscow

area, It is of definite interest to compare these data with other reglons
of the USSR or the earth.
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During the TROPEKS-74 expedition aboard the "Ernst Krenkel'" ship there
was continuous reglstry of direct solar radiation by an actinometer with
direct pointing on the sun [2].

The processing of the resulting traces by the method described above also
made 1t possible to obtain information on cumulus clouds for the tropical
reglon of the Atlantic with the coordinates ¢= 65°N, A = 20°W (ICZ re-

glon), the site where the ship was anchored on this expedition (see Table

It can be seen clearly that in this region of the Atlantic the cumulus
clouds are also semitransparent for direct solar radiation, Due to the
small volume of data it was not possible to trace a clear dependence of
Ndenge and ngemi on nj it was only possible to trace a general tendency
for an increase in ngaepges and accordingly, a decrease in ngepmi With an
increase in n.

Nevertheless, it can be seen clearly from the cited data that cumulus
clouds in the ICZ, with respect to their optical thicknesses (transmis-
sivity of solar radiation), virtually do not differ from the cumulus
clouds in the temperate latitudes of the European USSR when there is a
corresponding coverage in the heavens, whereas with respect to thelr
linear dimensions (horizontal and vertical) these clouds differ substan-
tially in the mentioned regions of the earth [1, 11].

This conclusion somewhat contradicts the results published in a number of
papers in the collection of articles [11]. This contradiction is evidently
attributable to the fact that the method for investigating the transmis-
sivity of solar radiation by cumulus clouds usel by the author of this ar-
ticle did not provide for an investigation of individual clouds, as was
done on the TROPEKS-74 expedition aboard an aircraft, but the entire spec-
trum of cloud inhomogeneities which during a time interval from 1.5 to 5
hours entered the field of view of the radiation detector (actinometer)
carried aboard the ship.

The following conclusions can be drawn on the basis of what has been said
above,

l. Cumulus clouds Cu hum and Cu med, whatever may be their coverage in the
heavens over the land or over the ocean, always contain a definite number

of semitransparent elements. When there are few cumulus clouds (n<3), the
clouds themselves are semitransparent to radiation fluxes; in the remain-

ing cases the semitransparent elements occur both in the peripheral parts

of the cloud inhomogeneities and in clouds with small dimensions.

2, Both over the land and over the ocean in the ICZ region, when cumulus
clouds have a coverage up to 5/10, semitransparent elements predominate
(in sum) over the optically dense parts of the cloud inhomogeneities.
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J. Wlth respect to the transmissivity of solar radiation the ICZ cumulus
clouds Cu hum and Cu med do not differ from those in the temperate lati-
tudes of the Buropean USSR,
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NUMERICAL METHOD FOR SOLVING THE PROBLEM OF FREE OSCILLATIONS OF THE
WORLD OCEAN IN A BAROTROPIC APPROXIMATION

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 6, Jun 79 pp 57-66

[Article by A. V. Protasov, Computation Center Siberian Department USSR
Academy of Sciences, submitted for publication 4 August 1978]

Abstract: The article examines a numerical
nethod for computing free oscillations of

the world ocean in a barotropic approxima-
tion. It is based on a combination of the
method of simultaneous iterations of a

group of vectors and the method of inverse
iterations., In carrying out the inverse iter-
ations use is made of a direct algorithm for
solution of the derived system of complex
algebraic equations.

[Text] Introduction. The investigation of the mechanism of appearance of
tidal waves in the world ocean [3]) 1s closely related to the problem of
free oscillations. Until recently these investigations were carried out
for the most part using rather simplified analytical models for basins
which are far in their configuration from real basins in the world ocean.
The results obtained in this work have really been of a qualitative char-~
acter.

In the numerfcal solution of the problem of free oscillations of the world
ocean, even with use of very simple models, a number of significant dif-
ficulties arise., These are related to the poor conditionality of the prob-
lem in eigenvalues and the lack of effective numerical methods for its so-
lution. The poor conditionality of the problem of free oscillations is at-
tributable to the fact that the operator spectrum falls in a quite broad
range and its eigenvalues are very close in absolute value. It is neces-
sary to find several eigenvalues and the corresponding eigenfunctions fall-
ing within the spectral interval. Therefore, the use of known iteration
methods, using direct iterations of the operator, for solution of a partial
spectral problem, is in large part ineffective due to the inadequate con-
vergence rate, 70
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One of the first results of numerlcal computation of free oscillations

for individual basins of the world ocean was the numerical results obtain-
ed by Platzman [10], He examined the linear barotropic model without al-
lowance for frictional forces, whereas the eigenvalues and eigenfunctions
were found using the Lantsosh method [6].

In this paper we will examine a solution of the spectral problem for a
difference analogue of the tidal operator on the basis of one of the mod-
ifications of the simultaneous iterations method [9]. This method makes

it possible to carry out iterations of the corresponding subspaces, which
has a number of advantages when there are close elgenvalues. The special
structure of the operator of the considered model makes 1t possible to
write a direct inversion algorithm for its difference analogue, which will
ensure a rapid rate of convergence of the proposed method and will make it
possible to solve effectively the problem of tidal waves in the world ocean
without frictional forces being taken into account.

Now we will examine a linearized model of the dynamics of tides in a baro-
tropic world ocean in a spherical coordinate system (§,y) [3]

i g 0 _
ottt e =/

] g 9% N

'_dr hand /Il + TW =f2| (1)
¢t 1 0Du dsin 8 Du

ot T Tasing [W*’ —v | =0

where u and v are components of the velocity vector ﬁt L 1s the level ex-
cess, fl and fo are the projections of the moment of the tide-generating
force, § is the Coriolis oarameter, g is the acceleration of free falling,
D =D(4{, ) 1s depth, a iv the earth's radius.

Problem (1) will be solved in the region G bounded by the contour [, rep-
resenting the stylized boundary of the world ocean and formed from segments
of coordinate lines., For closing the system of equations (1) we will assume
that at the boundary [  the velocity vector component normal to the boun-
dary [T becomes equal to zero, that is

u, =0at [, (2)
Introducing into consideration the operator
. | g P
0 T T
|
]
— -1 0 [ A
A= | o ¢ )
1 (D) 1 d(sindD.) | o
asind 0% asind a8 ;
71

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100090012-8



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100090012-8

FOR OFFICIAL USE ONLY

and the vector-functions

the system of equations (1) is written in operator form
' -
S t+Ae=1 (%)

Now we will examine the Hilbert space of the vector-functions @ with the
scalar product

3
(59 E’)m = x gdl albldol
l=10 (5)

where ay, by (1 = 1, 2, 3) are the components of the vector-functions Eﬁ 3

- €® in the region G, dy (1 = 1, 2, 3) are welghting coefficients, selected
in such a way that by using the functional (5) it was possible to deter-
mine the energy of system (1), that is, d] = d3 = D and dg = g, and an ele~-
ment of volume dG = a2 sin § d $d ¥

-

The set of quite smooth vector-functions ‘?6‘:@, satisfying condition (2),
forms the region of determination @(A) of the operator A, It 1s easy to
see that the operator A, determined by expression (3), is antisymmetric in
the sense of the scalar product (5), that is

(A;: ?)d-': _("—.;D A;’.)m) (6)

>
where ¢ *a (u*, v*, L*) is an arbitrary function with quite smooth com-
ponents,

It follows from equation (6) that the spectrum of the operator A is situated
on a fictitious axis.

Proceeding from the method for formulating finite-difference approximationg
on the basis of determination of a generalized solution [2, 5] for the prob-

lem (1)-(2) and using displaced grids in the process, we obtain the follow-
ing system of finite-difference equations, written in vector-matrix form

_71 - ->
- Lot arvgh =, )
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where the matrix operator AM has the form
_ LiH
A = (WE-G'). (8)

and the matrix operators L, i and W approximate the corresponding differen-
tial operators in the representation (3) with a second order of accuracy
on a four-point template. It follows from the method for forming the fin-
ite-difference approximation that the difference operator Ah will also be
antisymmetric in the sense of the scalar product, being an analogue of (5)

> e Ko e
(g%, o )(ph= (Dy 9, ),

where ( , )_,is the Euclidean scalar product in the space @h of the grid
functions 9’“, ?h*, Dy 1s the corresponding diagonal matrix of weights.

For the matrix operator AP we will formulate the scalar problem
IS ->
AR = b, 9)

We will examine this problem in unitary space Qh, representing a complex
expangion of the space of real vectors @h [1]. In this case any vector
Y€ Ph 45 unambiguously represented in the form

-> — ha i I o
Y= Eha by, g€ D4, (10)
and the scalar product in the space Qh is determined in the following way:

> > -> e L > -
(Z|. :2)(}')"! = )y '_;'.')(pll + (yl! y2)(ph+l “yl' xf\([i" = (X y?)‘bhl'

- e -

— - - > > > ~»

=% 0y, 2a= Xp 4 0Ys X Yo Aa ¥, € OF.
The eigenvalues of the matrix A' are purely fictitious and the eigenvectors
of the problem (9) with corresponding normalization satisfy the orthogonal-
ity condition

- - N
('1’/» 'fq)qj',, = Opgs

where 5p is the Kronecker symbol, p and q are the numbers of the eigen-
vectors. SLlhis follows from the property of antisymmetry for the matrix Ab
[9]. '

Assume that we must determine several eigenvectors and the corresponding
eigenvalues of the problem (9), close in absolute value to some prestipul-
ated number ¥, that 1s, find several eigenvalues less in absolute value
and the corresponding eigenvectors of the problem

(A — i EYb=iny (11)

in the space @h, where E is the identity operator. Taking into account the
representation (10) of the vectors from the space @h, the problem (11) is
written in the form
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( Ar qE '?:‘)_’0 AYES
HE AN, (w 0 @;)'

(12)
Multiplying equation (12) by the operator
B::( At nE , : (13)
_'y‘ﬁ’ At
we arrive at the problem ) _
- -
Apz=vz, (14)
where
-
AB:‘-—-B'B, ;:(i‘), v=pl (15)
b2

Thus, 1if the dimensionality of the unitary space @h i5 equal to n, instead
of the problem (9) in this space we have the equivalent spectral problem
(14) in the real space R of the dimensionality 2 with the real symmetric
matrix Ag in the scalar product

~ -> - - -

(z, J)R.: (DRi z, w)l 2y wER’ DR =( D" ~0 )‘ (16)
0 D,

By solving the partial spectral problem (14), we thereby find the orthogon-
al base of the invariant subspace of the B matrix, Since the B matrix has
the structure (13), and the eigenvectors of the Ah matrix have féhe form
(15), it is easy to see that the vector components 'Vlf and '(?2 zKk of the
Ag matrix corresponding to different elgenvalues will also be the orthogon-
al base of the invariant subspaces of the dimensionality two of the A
matrix in the space P h, and the eigenvectors of the A matrix will have
the form (10).

A modification of the iteration process, known as the simultaneous itera-
tions method [9], has been developed for solving the partial spectral
problem (14). The essence of the proposed method is as follows.

Assume that in the space R we have some linear subspace Ry, generated by
the base, orthogonal in the sense of the scalar product (16), such that
the projections of the first m eigenvectors A onto this subspace are dif-
ferent from zero., For convenience in further reasoniggs we will examine
the base vectors as vector-columns of the matrix @0 of the dimensional-
ity 2n x m, where j 1s the number of the iteration interval. An iteration
with the number j consists of five main stages.

1. From the base @g we form the matrix Qi of the dimensionality 2n x 2m
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where F(AB) ls some function of the matrix Ap, leaving dnvariant the char-
acteristic linear subspaces of the matrix Ag.

2, We separate the linearly independent vector-columns by orthogonallization
of the colum of the PJ matrix. As a result we arrive at a matrix @ ] of
the dimensionality 2n x t]ij (mgnjs 2m) , whose colums are orthogonal (tfie
first m colums coincide with the corresponding columns of the matrix & 8)
and generate the subspace an R,

3. In the subspace an we will examine the functional

7= T ofTD, Agofe (18)
Mp = "T"-“ ’
cle

where ¢ = (e1, ¢2ye044en )T is a vector-colum of the coefficients of expan~
slon of an arbitrary X €Ry along the base @j, and the superscript T de-~
notes transposing. We will” find the stationary“points of the functional
(18) in the set of coefficients c}’ solving the total spectral problem
for the symmetric matrix BJ = @,} DRAB@% [4], that is

BICI = CI N, (19)

Here CJ 1s a matrix formed from the orthonormalized eigenvectors of the
matrix BJ, and AJ 1s a diagonal matrix of the corresponding eigenvalues.

4, We shift from the base @»} to the base @% using the transformation matrix
cd using the formula

) = @) Cl.

5. Selecting m vectors from the base @g, corresponding to the ninimum
eigenvalues of the matrix BJ, we arrive at the new base o 8 1,

The described process of repetition to convergence, that is, until the sub-
space generated by the base Qa is invariant relative to the matrix Ap and
its dimensionality 1s equal to m.

Since in each iteration j(j> 1) we retain in the base the vectors obtained
in the preceding iteration, it follows from forming of the matrix B in the
spectral problem (19) that it has the form

Bj 2( K’,-‘ Q ’

Q@ F

~ e : i
where Q and F are some real matrices and AJ~1 = diag {vi - 1, v l,...,
V xjn-l} is a diagonal matrix formed from the first m elgenvalues, ogtained

in the iteration with the number j - 1 and arranged in an increasing order.

We have the following inequalities
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VR R IS i (20)

that 1s, iterations of eigenvalues with identical numbers form nonincreas-
ing sequences, and the limiting elements of these sequences will be the
elgenvalues of the initial problem (14). The proof of this assertion is
based on the division theorem for symmetric matrices [6] and the minimax
principle [8].

It still remains to examine the problem of choice of the function F(Ap) frou
(17) in the iteration process. Taking into account that we must determine
the lower eigenvalues of the Ag matrix, the F(AB) function must be selected
in such a way that first of all it will suppress the components correspond-
ing to the higher eigenvalues of the Ag matrix. Therefore, a simple method
for forming the F(AB)‘i 6 vectors in (17) is the application of one or more
intervals of known iteration methods employed for determining the minimum
eigenvalue of the Ag matrix [6]. In this respect the most preferable method
1s the inverse iterations method [6]. In the problem which we considered

the special form of the operator A, and in the last analysis, the ah matrix,
makes it possible to invert the matrix operator B, determined by the equa=-
tion (13). In actuality, the organization of one interval of the inverse
iterations from the Ap matrix requires solutions of a system of equations

of the type

Ah 9E ;)_ F,)
—1‘E A", _y., Fz

or, which is the very same, the system .0of equations

I N
( W —inE, (x+iy) 1+ iF (21)

where Ej or Ep are unit matrices of the corresponding dimensionality, and
F1 and Fy are real vectors from the space @@h, determined by the base vec-
tors from @%, and the matrices L, H and W were determined in (8).

We introduce the new notations: .

J€+z}—_—(f" ) Fr+ ii-",:(l_:." )
‘ \x: ‘ F:

and making similar transformations, the system of equations (21) is written
in the form

(L—i7E,) %, + HE=F,,

B+ W(L—inE) H) F=F— WL = B (D)
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With known Y; the solution Xy of the first of the equations (22) is de-
termined direetly, since the operator L = in Eq 1s block-diagonal, with
ordinary sccond-order square blocks. In the solution of the second equa-
tion from (22) we are dealing with a block - three-diagonal complex matrix

~ 23
A= (iEgW(L—inE\) - H), (23
that is
A%, =i, (24)
where
;=F:— W(L—iqE)™ Fu'
A B 0
G A B
C, A B (25)
: 2: : : :
0 ' ‘Cn-x Aurn By,
CN ~N

Here Ay are square and Bj and C; are rectangular complex matrices, the
specific form of which is determined by the rule of ordering of points in
the grid region and a finite-difference approximation of the problem (1)~
(2). The number of square blocks in the A matrix is equal to the number of
sections @ = 6, (or ¥ = ¥I) of the grid reglon and the dimensionality

Njy of each square block Aj 1is equal to the number of points in the grid
region in the corresponding section.

For solving the system of equations (24) we prepare a direct algorithm
for the inversion of the matrix (25) using its expansion into the product
of the unitary matrix and the upper triangular matrix. Use is made of a
block variant of the llausholder method with a partial sampling of the
"leading" column (7],

We use the method of reallzing one interval of the inverse iterations di-
rectly for solution of the system of equations (7) with stipulated values
of the tide-generating force, and in particular, this makes possible the
quite effective determination of periodic solutions of the problem (7)
with a periodic (in time) tight part fh with an arbitrary perlod 1€ of
oscillations, that is, numerically solve the problem of tidal waves in the
world ocean [3]. In actuality, assume that the right-hand side of the sys-
tem of equations (7) is stipulated in the form
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?I=e~|\~.17l:l.

(26)
-
where £0 is a grid vector-function not dependent on the variable t, and
e 21l915 . We will seek solution of the problem (8) in the form

c?"'—ie"'"’;;"". (27>
Substituting expressions (26) and (27) into (7), we obtain the equation
— fugh 4 ANGh = fo, (28)

whose form, with an accuracy to the notations, coincides with (21),

Fig. 1. Reglon of solution of problem of free oscillations and isolines of
smoothed depths of the world ocean.

N

W
-4

_ Fig. 2. Main semidiurnal wave Mp. 1) cotidal lines each 30°, 2) isoamplitudes

Numerical Experiments

In order to carry out numerical computations using the model described above
the region G was selected in the form represented in Fig. 1. In this same
figure we show isolines of smoothed depths of the world ocean. The numbers
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of the isolines correspond to a uniform breakdown into 18 parts between
the maximum (max(D) = 5.2 km) and minimum (min{D) = 1 km) depth values.
The grid regions were constructed with use of uniform intervals Afw A=
5°, With this resolution the matrix A in formula (25) has the order 1427,

v .
iyt 1o,
i

> .
2,

Shios w7

",‘ \_"L"_‘L‘_"'S" s %.:-'r'.":,'-‘..::f--

! Flg. 3. Cotidal lines (1) and isoamplitudes (2) of computed eigenfunction .
with period of oscillations ‘0= 12,3562 hours.

The computations indicated an adequate effectiveness of the proposed method
and the pattern of the flelds of isophasal and cotidal 1lines of the computed
My wave qualitatively coincides with known exnorimental and numerical ideas
concerning its structure [3], [1L]. We note that since in the considered
model friction is absent, the values of the isoamplitudes were exaggerated.

Table 1
Moavan [Tepuoaut Koae- Moaya [Teproan Koae-
coberpen. | Oanitit coberaen || YN | Gannd coberaen
HHX UHCed HHX ?yukunﬁ HMX wicen HHX ?y:kuun
i .‘ L]
1 2 1 2 i
1,517703 11,5000 1.446935 12,0622
1,505195 11,5954 1,412512 12,3562
e | L e |
' 85 , 2,
KEY: 1,453413 12,0085

1. Moduli of eigenvalues
2. Periods of oscillations of eigenfunctions 7T, hours

In computing the eigenfunctions of the difference operator Ab in the iter-
ation process m was selected equal to 14, In different variants of the.
computations the convergence was attained on the average after 10 itera- -
tions. The critecrion for ending of the computations was not only a coincid-
ence of the eigenvalues obtained in two successive iterations, but also
the condition of invariance of the corresponding subspace with the base
vectors from @6 in formula (17). It was assumed that the invariance is
observed if the corresponding Gram matrix of the normalized vectors from

Js determined in (17), has the rank m, chat is, if with an adequate de-
grée of accuracy of m eigenvalues the Gram matrices are equal to two and
the others are equal to zero. In addition, it follows from formula (15)
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that the spectrum of the Ap matrix must be multiple, This is also one of
the criterla for ending the ilterations.

The use of inverse iterations in combination with the simultaneous itera-
tions method for a group of vectors not only ensures a rapid convergence,
but also to some degree gives a definite guarantee that in the computed
interval there are no other eigenvalues other than those which have been
found.

As .an example we will cite two variants of computations of eigenvalues

of the operator A with m = 14 for M= 1,405143905.10=4 and M= 1,454444¢
10~4, that is, for frequencies in the neighborhood of the My and S waves
respectively. Among the 28 eigenfunctions found in these two variants,
only 18 were different, that is, the intervals of the computed eigen-
values were superposed on one another, Table 1 gives the moduli of the
computed elgenvalues and the corresponding periods of oscillations of

the eigenfunctions of the Ah operator, Figure 3 illustrates one of the
eigenfunctions with a period of oscillations T = 12,3562 hours.

In this article we have for the mosc¢ part examined the computation aspects
of solution of the partial spectral problem for discrere analogues of the
linearized tidal operators. The application of this method for studying

the dynamics of tidal oscillations on the basis of a geophysical interpret-
ation of the results of numerical experiments will be discussed in special
publications.

The author expresses appreciation to G. I. Marchuk and B. A. Kagan for for-
mulating the problem and constant attention to the work and to V. V. Pen-
enko for assistance in developing the method.

BIBLIOGRAPHY
1. Gantmakher, F. R., TEORIYA MATRITS (Matrix Theory), Nauka, 1967.

2. Ladyzhenskaya, O. A., KRAYEVYYE ZADACHI MATEMATICHESKOY FIZIKI (Boun-
dary Value Problems in Mathematical Physics), Nauka, 1973,

3. Marchuk, G. I., Kagan, B. A., OKEANSKIYE PRILIVY. MATEMATICHESKIYE
MODELI 1 CHISLENNYYE EKSPERIMENTY (Ocean Tides. Mathematical Models and
Numerical Experiments), Leningrad, Gidrometeoizdat, 1577,

4. Mikhlin, S. G., VARIATSIONNYYE METODY V MATEMATICHESKOY FIZIKE (Vari-
ation Methods in Mathematical Physics), Nauka, 1970.

5. Penenko, V., V., "Computation Aspects of Modeling of the Dynamics of At-
mospheric Processes and Evaluation of the Influence of Different Factors
on Atmospheric Dynamics,'" NEKOTORYYE PROBLEMY VYCHISLITEL'NOY I PRIKLAD-
NOY MATEMATIKI (Some Problems in Computation and Applied Mathematics),
Novosibirsk, Nauka, 1975.

80

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100090012-8



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100090012-8

FOR OFFICIAL USE ONLY

6. Wilkinson, ., H., ALGEBRAICHESKAYA PROBLEMA SOBSTVENNYKH ZNACHENIY (Al-
gebralc Problem of Eigenvalues), Nauka, 1970,

7. Wilkinson and Reinsch, SPRAVOCHNIK ALGORITMOV NA YAZYKE ALGOL (Handbook
of Algorithms in ALGOL Language), LINEYNAYA ALGEBRA (Linear Algebra),
Moscow, Mashinostroyeniye, 1976.

8. taddeyev, D. K., Faddeyeva, V. N., VYCHISLITEL'NYYE METODY LINEYNOY AL-
GEBRY (Computation Methods of Linear Algebra), Moscow-Leningrad, Fiz-
matglz, 1963,

9. Faddeyev, D. K., Faddeyeva, V. N.,  VYCHISLITEL'NYYE METODY LINEYNOY AL-
GRBRY: ZAPISKI NAUCHNYKH SEMINAROV LOMI (Computation Methods in Linear
Algebra: Notes of Sclentific Seminars of the Leningrad Division of the
Mathematics Institute), edited by V. V. Voyevodin, Leningrad, Nauka,
Vol 54, 1975,

10, Platzman, G. W., "Normal Modes of the Atlantic and Indian Oceans," J.
PHYS. OCEANOGR., Vol 5, No 2, 1975.

11. Zahel, W., "Mathematical and Physical Characteristics and Recent Results
of Ocean Models," LECTURE NOTES IN PHYSICS, COMPUTING METHODS IN APPLIED

SCIENCES. SECOND INTERNATIONAL SYMPOSIUM, December 15-19, 1975, Springer—
Verlag, Berlin-Heidelburg-New York, 1976.

81
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100090012-8



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100090012-8

FOR OFFICIAL USE ONLY

UDC 551.46.062.5(262.54)

WATER EXCHANGE BETWEEN THE SEA OF AZOV AND THE BLACK SEA WLTH OPERATION
OF A REGULATING STRUCTURE IN KERCH STRALIT

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 6, Jun 79 pp 67-73

[Article by Candidate of Geographical Sciences I. A. Shlygin, State Ocean-
ographic Institute, submitted for publication 5 January 1979]

Abstract: By the method ¢f mathematical model-
ing of the water and salt balances in the Sea
of Azov the author has computed the parameters
of water exchange through the Kerch hydraulic
complex. It was possible to determine the stat-
istical characteristics, variability and guar-
anteed probability of the magnitudes of Sea of
Azov and Black Sea flows in different stages

in the process of regulating sea salinity. The
article gives the guaranteed probabilities of
the total time during which discharge openings
are opened for the passage of migratory fish
with an accompanying wind flow during the spring
and autumn,

[Text] Water and salt exchange through Kerch Strait is of fundamental im-
portance in forming the hydrological regime of the Sea of Azov. It not
only exerts a direct influence on sea salinity (the fraction of salt ex~
change with the Black Sea 1s 97% of the salt balance of the Sea of Azov),
but also exerts a decisive effect on the chemical and bilological bases

- of productivity, and also on the extent of areas of different salinity,
which in turn limit the habitats and development of different species of
fish.

Modern negative changes in the hydrological regime of the Sea of Azov have
occurred as a result of the totality of natural and anthropogenic factors,
expressed in a reduction in the inflow of fresh water (the nonreturned with~-
dravals alone amount to 9-12 km3/year) and changes, in this connection, in
the characteristics of water exchange through Kerch Strait. The ratio of

the quantity of inflow of Black Sea waters to runoff from the Sea of Azov
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in a natural period was 0.68; during the last elght years it was 0.85 [5].
Changes in the sea reglme were expressed in a disruption of the balance

of blogenous substances, a deterioration in the oxygen regime, and most
importantly, an inerease in the mean salinity of sea water from 10.5°/00
under natural conditions to 12,4%/oo during the last elght years. Thus, a
study of the characteristics of water exchange 1s necessary for an invest-
lgation of the entire complex of hydrologlcal, hydrochemical and biological
changes in the sea regime.

The modern parameters of water exchange, as well as its changes by periods,
ave retrospective; the statistical characteristics are given in [1, 5].

At the same time, in order to optimize the hydrological regime of the Sea
of Azov, there are plans for carrying out a whole complex of water manage-
ment measures, postulating a change 1la the water balance components of the
sed. Among these measures the most important are the shifting of runoff
from other basins and regulation of water exchange through Kerch Strait, In
both cases there is a change in the conditions for water exchange between
the Sea of Azov and the Black Sea. However, with a certain degree of prob-
ability 1t can be postulated that whatever may be the influence exerted on
river runoff (increase in withdrawal, shifting of direction of stream flow,
etc.) on a scale not exceeding the present-day changes in river runoff,

the general patterns in variation of water exchange through Kerch Strait
will remain unchanged. It would be a different matter with the construc~
tion of a regulating structure, when the artificial restriction of entry

of saline Black Sea water and the controllable discharge of water and salts
from the Sea of Azov will first make it possible to reduce the salinity of
the Sea of Azov and subsequently maintain it at the optimum level.

The problems involved ir a change in sea salinity in a case of regulated
water exchange were first examined in [6, 7, 9]. Computations of regulation
of the salinity and level of the Sea of Azov have been made by the method
of mathematical modeling of the water and salt balances of the sea [9].

In the computations use was made of river runoff and apparent evaporation
series obtained by Ye. A. Asarin and A. M. Naumov at the Gidroproyekt by
the statistical tests method; the statistical parameters of the natural
series adopted in the modeling are given in Table 1.

The annual quantities of natural runoff were modeled using the D. Ya, Rat-
kovich scheme [8]. The intra-annual distribution of runoff was ascertained
by analogy with the distribution of equal annual volumes of the observed
untransformed runoff. The total prospective withdrawal, determined taking
into account the dispatcher graphs of reservoir operation, was superposed
on the series obtained in this way. The water consumption in the basin was
taken in the ba51n in accordance with the "Sea of Azov Scheme" (residual
inflow 28 km3 ), and also artificially increased by 2 and 4 km’. As a result,
we obtained three inflow variants, each with 25 30-year records in =ach.
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Table 1

Statistical Parameters of Natural Runoff and Apparent Evaporation Used in
Modeling (Accordlng to Ye. A. Asarin and A. M. Naumov)

Cpenniee Muoro-
Peka (cTBOp, yuacTok) JetHee anauenie, Cy Cs
1 [

3 P ,llﬁm, LinMaa 1 21,6 0,34 2¢,

p. Hon,  yuactok HM7Ia —
Reeder g | |ig
. anb, Kpachoza s \ v
g nnzmoe Henapele P 20,03 0,18 0,0

KEY:
1. River (statilon, reach)
2. Mean long-term value, km3
3. Don River, Tsimla
4, Don River, reach Tsimla-Sea of Azov
5. Kuban' River, Krasnodar
6. Apparent evaporation

The monthly values of apparent evaporation were obtained by multiplying the
total annual value of the element by a coefficient constant for each month,
The latter was determined from long~term data on the intra-annual distrib-
ution of precipitation and evaporation.

The discharges through the hydraulic complex were determined using hydraulic
dependences for a bottom spillway with a broad apron (a total of 34 water-
discharge spans). The level drop in the pools of the hydraulic complex was
determined by the algebraic summation of the balance level, formed by river
runoff, precipitation and evaporation -- for the Sea of Azov povl, and the
mean monthly level -— for the Black Sea pool, and a special level-differ-
ences correction. The latter was obtained by V. P. Belov and Yu. G. Filippov
[4] by the hydrodynamic method using standard wind fields [3].

The computations were made using 30-year runoff and apparent evaporation
series with time intervals corresponding to the "lifetime" of standard wind
fields (from 6 to 48 hours). The time for computing one 30-year series on

a "Minsk-22" electronic computer is 12 minutes.

The process of regulating salinity of the Sea of Azov is accomplished in
three stages.

1. The mean sea salinity for each computation interval is greater than
10.5%/00. The water accumulates in the Sea of Azov to the upper reading
(+10 cm abs.). When this reading is exceeded there i1s a discharge of the
excess Sea of Azov waters. However, if the quantity of water entering the
sea is less than the quantity evaporating and the sea level drops, upon
reaching the reading -60 cm abs. the Black Sea water is admitted. Since
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under average conditlons the fresh balance of the sea is positive, with
predominantly discharge of Sea of Azov water there i1s a decrease in the
salt reserve and a decrecase in sea salinity,

2. Upon attalning a salinity of 10,5°/oo the additional withdrawal of fresh
water 18 possible. Therefore, in the next computation interval a correction
is subtracted from the projected river runoff; this correction is equal to

the volume of the additional withdrawals for egch computation interval

(the volume of these withdrawals is up to 6 km” annually).

3. However, if with additional withdrawal of river water the salinity con-
tinues to drop, with its decrease to 9.50/o0o there is a discharge of the
overflow sea prism. In the next computation intervals, when the level in
the Sea of Azov pool exceeds the level of the Black Sea pool, there 1s a
further discharge of Sea of Azov water; with the opposite situation there
is entry of Black Sea water, Such mutually opposite inflows of water occur
up to the time of an increase in Sea of Azov salinity to 9.5°/co.

From the point of view of an investigation of water exchange, stages 1 and
2 are equally important and henceforth will be considered jointly.

In modeling the regulating process, regardless of the stage of decrease in
sea salinity, there was modeling of spring and autumn passage of fish
through the hydraulic complexes. It was assumed that the passage of the
migratory fish through the dam occurs in April-May from the Black Sea into
the Sea of Azov and in October-November in the opposite direction with an
accompanying wind flow. For this purpose the level drops near the dam
created by the wind were used [4]. In the event of formation of level dif-
ferences associated with "accompanying" winds, seven openings in the dam
are opened (length of the spillway front 100 m) and the fish are able to
pass through with the accompanying wind current, tt-at is, the same as un-
der natural conditions. The volume of fish passing through was taken in-
to account in the further analysis as a component part of the water ex-
change. At the same time, we ascertained the total time during which the
spillway openings were open for the passage of fish.

The computed volumes of flows of Sea of Azov and Black Sea waters through
the hydraulic complex during each computation interval were summed for
obtaining the monthly and annual water exchange values (Vj and Vgg respec—
tively). The analysis was made using the total annual water exchange val-
ues for all series (a total of 75 records).

. It was postulated that the work of the hydraulic complex will begin in
1990. Therefore, Table 2 gives the mean values and dispersions of water
exchange through the hydraulic complex with the realization of a mean
projected inflow of river waters in a volume of 28 km3/year during the
last 17 years of the Investigated 30-year periods. This table also gives
the mean values of these characteristics with an inflow of 26 and 24 km”/
year. According to the data in [1], the present quantities of water
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exchange are VBS = 33,5 km3, c?% = 24,0, VA = 48,8 km3, 02 = 49,0,
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Fig. 1. Chronological graph of equally guaranteed volumes of Black Sea (a)
and Sea of Azov (b) flows.

Accordingly, with regulation there will be a considerable decrease in the
volume of water exchange (especially the inflow of Black Sea waters). The
ratio of the volumes of inflow of Black Sea waters to outflow from the
Sea of Azov decreases from 0.7 to 0.2. Such a radical transformation of
water exchange unquestionably will change the overall picture of forma-
tion of hydrological elements in the sea.

Figure 1 shows graphs of the chronological variation of water exchange vol-
umes of different guaranteed probability, constructed on the assumption of
moderate asymmetry (Cg = 2 C_) of the serles of water exchange volumes. In
computing the guaranteed probability we took into account the nature of the
dependence of water exchange components on river runoff; with the minimum
values of river runoff there are minimum VA and maximum Vps values. By
analogy with runoff they are assigned a high guaranteed probability.
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Table 2

Mean Values (km3) and Dispersion of a Series of Values for Water %xchange
Through the Kerch Hydraulic Complex for a Mean River Runoff 28 km>, Onset
of Regulation -~ 1990

Tpitox n3
Yepioro y Orrok
Fon MopA 9 epHoe Mope 5
1l | V‘l a? VA [
BS

1990 0.4 1 0,12( 9,6 |26,7
1991 0,91 0,45| 8,8 |47,
1992 0,81 0,18( 8,3 |30,7
1993 0,8 1 0,45] 9,4 |45,4
1994 1,0 | 0,491 6,7 | 15,2
1995 1,1 10,33 6,4 |24.2
1996 1.2 12,031 6,6 19,3
1997 L3 | 1.80f 7,0 |16,7
1998 1,9 | 6,23] 6,7 | 33,1
1999 L1 10567179 (27,5
2000 1.3 1 1,55] 6,5 |20,3
2001 2.1 | 4,11] 4,8 117,1
2002 1.7 | 2,151 6,1 {230
2003 2,2 17,171 8,2 | 71,4
2004 3.0 122,421 8,6 | 87,0
2005 2.0 14,31 4,9 |15,4
2006 1,9 | 5,38( 6,2 | 30,1

Cpeatiee 4 1,50 ] 4,26) 7,2 |32,6

Cpeanee npu

ctore 26 xmd 3 1,6 | 2,82{ 6,3 | 24,9

Cpennee npu

cTOKe 24 K : 2,2 [ 5,43] 5,3 | 20,6

KEY:
1. Year 4, Mean
2. Inflow from Black Sea 5. Mean for runoff 26 km3
3. Outflow into Black Sea 6. Mean for runoff 24 km3

With a general insignificant increase in the mean Vgg 7alues and a decrease
in Vj in the course of the investigated series, assoclated with a general
decrease in salinity, it is possible to discriminate two variability max-

- ima falling in 1997 and 2003, The second maximum is greater than the first.

The appearance of these maxima is attributable to the fact that in 1997
active releases will begin in one case(third regulation stage). In 2003
there will be four such cases. In the remaining 21 cases of the investigated
variant the stability is stabilized in the range 9.5-10.5°/0o0 by means of
an increase in the water intakes.

Figure 2 shows the guaranteed probability of the annual volumes of water
exchange and river runoff.
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Flg. 2. Guaranteed probability of river runoff (1), runoff of Sea of Azov
(3) and inflow of Black Sea (2) waters, and also Tps and Tp values in the
first and second stages of regulation (4, 5) and during time of active water
releases (6, 7).

In the analysis an attempt was made to determine the dependence of the

VA and Vpg values on river runoff and apparent evaporation (by analogy

with [1, 5]). However, it was not possible to detect stable correlations

for the annual values of the mentioned parameters. The reason for this

is that the construction of a hydraulic complex in Kerch Strait will lead

to the transformation of the Sea of Azov into a reservoir of the long~term
regulating type with a useful regulating volume 18.5 km3 (between the
readings +10 and -60 cm abs.). The annual runoff of the rivers is 25-30 km3,
less 17-23 km3 of apparent evaporation, giving an excess of the fresh bal-
ance 5-10 km3. This volume can be completely accumulated by the sea,

Therefore, an analysis was made of the mean Vyiy, Vps and Vp values for each
record in the first and second stages in regulation and in the third stage
separately. There was found to be a rather stable relationship between

the mean values of the water exchange components and mean river runoff;

the nature of the dependence for these two cases is substantially different,

In the stage of a decrease in salinity and with its stabilization by means
of the withdrawal of river water the dependences of water exchange on river
runoff are nonlinear and are described by the exponential equations

V,=0,0478 V108 ¢

X eo.«-sas Vp‘ (1)
V., =1,023 - 1010 V5810
X 09 v, (2

[A = Sea of Azov; Y = Black Sea; p = river]

which are valid in the range of V. jyer variations from 20 to 34 km3,
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The multiple correlation coefficient for expression (1) is equal to 0.98;
for expression (2) it is equal to 0.70, which is unquestionably significant,
since with a 5% significance level under these conditions the coefficilent
becomes significant if it exceeds 0,32, whereas with a 1% significance

level it 1s equal to 0.38.

The nonlinearity of the correlations is manifested most clearly in the
range of Vpiyer values close to 20 km®, In this case the fresh sea balance
approaches zero and in order to stabillze the level the need arises for
changing the operating regime of the hydraulic complex -~ to increase

the admissions of Black Sea waters.

- In the stage of active entry of water the dependences of the water exchange
components on river runoff have a linear form:

Vo = 0.74 Veqyer = 12.42 3
VBS = 7,24 - 0,22 Vriver. (4)

The linear correlation coefficient for equation (3) is equal to 0,963 for
equation (4) -- 0.85,

The linear dependences of Vp and Vgg on runoff and their nature (direct
for Sea of Azov flow and inverse for Black Sea flow) show that in the case
of free water entries through the hydraulic complex under the conditions
for regulation of salinity the water exchange regime approaches a natural
regime.

One of the important problems involved in the influence of the regulation of
water exchange on the hydrobiological conditions of the sea is the problem
of the possibility of the passage of migrating fish through the dam. The
conditions for the modeling of the passage of fish were indicated above.

The objective possibilities of the passage of migrating fish are determined
primarily by the time during which the spillway openings were open for
thelr passage with an accompanying wind flow. The duration of the individ-
ual situations favoring the passage of fish is determined by the duration of
favorable types of wind fields [3] and varies, as indicated, from 6 to 48
hours. The total time for the season is essentially dependent on the stage
of the sea freshening process. In the first and second stages of salinity
decrease ti:is time is a function of the mean river runoff and sea salinity
(Fig. 3). In the case of high salinity values the time for opening of

the floodgates to a high degree is dependent on the river runoff (that is,
the balance level of the Sea of Azov). The parameters of cluseness of the
graphic dependences are 0,73-0.91. In the third stage of the regulation
process it was not possible to detect correlations between the time of
opening of the openings in the dam for the passage of fish and the para-
meters of the water and salt balances. This is attributable to the fact
that in this stage the balance level varies abcut its mean long-term value
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(~30 cm abs.). However, in the process of decrease in salinity the level
stands near the upper readings (+10 em) and its variability 1s consider-
ably less. Figure 2 shows curves of the guaranteed probability of the

Tpg and T, values iIn the stage of a decrease in salinity (4 and 5) and

in the process of its stabilization, For the Tps and Tp values in the
third stage of regulation the theoretical and empirical guaranteed prob-
ability curves (5 and 7 in Fig. 2) virtually coincide. For Tgg and Ty,
obtained in the first and second stages of the process of decrease in sal-
inity (curves 4 and 5), due to the strong asymmetry of the series, empir-
ical guaranteed probability curves were constructed. The mean Tgs value in
the first and second stages of regulation was 95 hours (o = 68), Ty, —— 880
hours (0~ = 61 hours), in the third stage of regulation these values are
equal to Tpg = 360 hours (O« 204), Tp = 504 hours (0= 130).

4 % 16 S%h

Fig. 3. Dependence of the total time of opening of flood gates of hydraulic
complex for passage of fish in spring (TBS) and autumn (Tp) on river runoff
and sea salinity in first and second regulation stages.

An analysis of the guaranteed probability curves shows that regardless of

the values of the water balance components the objective possibilities of

passage through of fish with the accompanying wind current remain.
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UDC 532.517.4
TEMPERATURE=STRATIFIED CURRENT IN A WATER BODY WITH THROUGH FLOW
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 6, Jun 79 pp 74-79

[Article by Candidate of Physical and Mathematical Sciences V. I. Kvon,
Hydrodynamics Institute, Siberian Department USSR Academy of Sciences, sub-
mitted for publication 5 September 1978]

Abtract: A study was made of a temperature-
stratified current in a flow-through water
body arising at the time of discharge of
heated water. The coefficients of vertical
turbulent exchange are determined using a
two-parameter wodel of turbulence contain-
ing an equation for turbulent energy and
an equation for the rate of dissipation of
- this energy. The method for numerical solution
of the problem is briefly described. An ex~
A ample of practical computations is given,

[Text] An important element in the model of stratified turbulent currents
is a turbulence model. Different turbulence models have been proposed for
studying stratified currents ([4, 8, 11] and others). In particular, in {4]
use is made of a simple and rather universal two-parameter turbulence model
for the mathematical modeling of surface turbulence in the ocean. In this
paper we also use a two-parameter model of turbulence in studying a temper-
ature-stratified current in a water body with through flow.

Formulation of Problem

A temperature-stratified turbulent current of water in a water body is de-
scribed by a system of equations [1, 6]

. 20 . ’
0 1 (] ’ d"l
?J‘:. +u'3—;‘:'-“lu._.=-—g3;(=+';"‘£ pdx")-*-dxal\ oxy" (1)
3
(2)
%0 9 ., du
g 1 2
B pu, k= —zm(* vl P“"=\) + 75 K gy
3
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- g:;.E:o, p=f(7), (3)
a7 oT _ 8 ,, OT
—or e G = 3 Kroxy (4)

Here t 1s time; xy(¢= 1, 2, 3) are the axes of a rectangular coordinate
system, with the x3 axis being directed vertically upward; u, are the com-
ponents of the velocity vector; 0 1s water density; f is a stipulated
temperature function; z 1s the deviation of the free water surface from

the undisturbed horizontal position z0; Lo 1is some constant (mean) den-
sity value; g is the acceleration of free falling; f, is the Coriolis par-
ameter; K and Ko are the coefficients of total viscosity and thermsl con=
ductivity,

The following boundary conditions are used for the system of equations (1)-
(4). On a lateral cylindrical surface

Un=0£0r ;eno

. b
- x €L |
Uy = fo(x, t) for T = .
“i-_-f:(:’. £, ua=f|l.:" ), T=kTy)+frlx &) gor ;G L,
At a water surface with xq = 20
or° au _ = or __
- = da KT,-;;-—-PT, FP?"KTO_,{,‘——g?"T- TE)' (6)
At the bottom with x3 = z3(x), x3)
0 ) ou - = 4T
u,:u,-;%'ku,-‘;{:—. Ko = kU@ ==0 (7

Here
X=(x), X3, X3), U= (U, Uz), v=(11, 12,

1’1 and 12 are wind shearing stresses; u, is the velocity component normal
to the shoreline; kp is the coefiicient of bottom shearing stress [2]; kp
1s the heat exchange coefficient; Tp is equilibrium temperature; f with

the subscripts are stipulated functions; 2o is the solid shore part of

the boundary 7, ; L3 is the liquid part of ¥ in which the water flows

from the water body (water intake); Y 7 1s the liquid part of the boundary
2 at which the water flows into the water body (water discharge), kj is

a proportionality factor stipulating a linear correlation between the tem-
perature at the water outlet and the temperature T3{t) at the water intake.
When k3 = 0 condition (5) stipulates the water temparature at the water out-
let,
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The coefficlents of vertical turbulent exchange in (1)=(4) are determined
on the basis of the following turbulence model [4, 8]:

de _ N de

5 = Kog te—e (8
5= Kotk =) 9
h — oy \? 0y \¥
i where p= /‘“[(‘T&i) + (d.r,') ] (I -2, R,
Ri = _.____._g?..""_‘d_‘_‘-..__..

[ oul, f U )

|l ()

e is the energy of turbulence; ¢ 1s the rate of dissipation of this energy;
K" 1s the coefficient of turbulent viscosity (4, 8],

K“:a-ff-‘. (10)

0ot is the ratio of the coefficient of turbulent thermal conductivity to
the coefficient of turbulent viscosity (Kp = OCTK* + A, where Ais the co-
efficient of molecular thermal conductivity); cj, c¢2 and & are empirical
coefficients [2, 9, 10].

The total viscosity in (1)-(8) is determined through the coefficient of tur-
bulent viscosity by the expression

K=K*+v,
where V is the coefficient of kinematic viscosity. The coefficient Keg =
gK* + V, o4 is a constant (9].

The following boundary conditions are used for the system (8) and (9).

At the water surface

de 07 e (11)
Kom=hkelml re=ay
At the bottom
.
de _ =c 27
o =0 s=a - (12)

Here ko and cg are constants [2, 3]; yo and Yo are the roughnesses of the
water surface and bottom respectively.

In addition to the boundary conditions for system (1)-(4) and (8), (9) it
1s necessary to stipulate the initial conditions, representing the initial
distributions of the sought-for current parameters. The function £(T) in
(3) is determined from the dependence [12]
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T) =pe[i--6,8+10-8(T—4)?],
f(T) =po[i--6,8+10~¢(T—4)3] (13)

The formulated problem is solved numerically with use of implicit differ~
ence schemes, We will briefly describe the solution method. In order to
upproximate the equations of motion (1) and (2) in time in the interval
ngL t&(n+ 1)L we use a stabilizing correction scheme [7]. In the first
fractional interval the levels of the free surface z are computed in a
certain n-th layer in time (0 is the time interval). In the second frac-
tional interval there 18 a correction for stability. In order to deter=-
mine the level of the free surface in the upper (n + 1)=~st time layer we
use integration of the continuity equation (3) with depth, With the

. substitution of expressions for velocitles (in this case determined in
the second fractional interval) into this equation we obtain an equation
for a lewvel surface [5]). The difference equations for momentum and heat
transfer are written using directed differences [5], The difference oper=
ators in the vertical direction are approximated with a second order of
accuracy [2]. The coefficients on the derivatives are computed in the n-th
layer in time, The difference equations for the turbulence parameters are
solved numerically by the fitting method [7]. In solving the difference
equations for momentum (in the first fractional interval) and heat trans-
fer and the equations for a level surface use is made of the Gauss-Seidel

. method., In this case the fitting method 1s used for the heat transfer equa-
tion in the direction of the x3j axis and the matrix fitting method is em~
ployed for the equations of motion [7].

Results of Numerical Modeling

Employing the computation algorithm described above we carried out computa-

- tions of a temperaturc-stratified current in the cooling pool at the Iki-

- bastuzskaya GRES-2 power station. The horizontal dimensions of this pool
are approximately 7 km in length and 6.5 km in width. The average depth of
this water body is 7.6 m and the maximum depth is 12 m. In the example of
the computations the discharge of heated water is accomplished by two sur-
face water outlets and the intake of ccoled water by one deep water intake.
The computations were made for the meteorological conditions of a hot ten-
day period in the absence of a wind. The following input data were stipulat-
ed: discharge in both water outlets -- 125 m”/sec each, discharge in the
water intake -- 250 m3/sec, equilibrium temperature -- 22,7°C, heat trans-
fer coefficlent kT = 19.21 Cal/(mz-hour-°c). The following values were used
in condition (5): proportionality factor k3 = 1, temperature drop in the
condensers at the thermal electric power station fp = 10°C. The initial
condition corresponded to a state of rest. The initial water temperature
was equal to the equilibrium temperature.

Flgure 1 shows the isotherms and velocity fields (u1, u2) at the surface (at
left) and at the bottom (at right) when there 1s a steady hydrothermal re-
gime in the water body, corresponding to 22 days of physical time. In this
figure the double arrcw indicates the sites of the water outlets and intake;
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the velocity vectors, indicated by simple arrows, show only the direction
of circulation due to the relative smallness of its absolute value. At the
lower water outlet the discharge of heated water occurs at an angle of 30°
to the shoreline. A narrow zone of hecated water flows from this outlet at
the bottom along the shore. At the water surface it is possible to trace
Jet streams caused by the surface discharge of heated water. In che shore

= region near the water intake the warm surface water, moving toward the
shore, subsides and flows along the bottom in the opposite direction. Ac-
cordingly, near the wuter intake the maximum stratification is not observed
at the shore itself, but at some distance from it. An analysis of the depth-
averaged velocity field indicated that the averaged current has a large
eddy zone in the central part of the water body.
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Fig. 1.

The length scale of the velocity vectors can be judged using the data in
Fig. 2, which gives the distributions of the horizontal velocity components
(uy, u2), the coefficient of turbulent viscosity and the temperature at
two verticals. The positions of these verticals are indicated in Fig. 1
by small circles, It can be seen that both near the water outlets (dark
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cirele ir Fig., 1, solid curves in Fig. 2) and far from them (open circle,
dashed curves) a temperature stratification is present. At both verticals
the veiocitles change sign with depth (curves 1 correspond to the velocity
up, curves 2 correspond to the veloclty u2). Appreciable turbulent fluctua-
tions are observed only In the surface layer of the water body. Below this
layer vertical diffuse exchange occurs by molecular processes (see Fig, 2).
Here the turbulent fluctuations are suppressed by Archimedes forces caused
by stable water stratification (see equations (8) and (9), the terms Ol qRi
in them).

Figure 3 shows a curve of change in water temperature at the water intake
with time. This temperature is the principal characteristic of the cooling
capability of the cooling pool.
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We recall that in the computations the temperature drop between the water
outlet and water intake was stipulated. In this case in the absence of

heat exchange through the water surface the water temperature in the water
body would increase without limit. The setting-in of a stationary hydrother-
mal regime with time means that the heat discharged into the water body
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no longer accumulates in 1t and fully escapes into the atmosphere through
the water surface.
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UDC 556. (166+048)
METHOD FOR COMPUTING WATEX DISCHARGES
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 6, Jun 79 pp 80-84

[Article by E. S, Khersonskiy, State Hydrological Institute, submitted for
publication 23 November 1978)

Abstract: The author proposes a method for
computing the maximum discharges of rain-
induced high waters and spring floods. A
formula is given for computing the observed
discharges and their guaranteed probability
valves,

[Text] One of the important aspects of hydrological support for the plann-
ing, construction and operation of hydraulic structures is computation of
maximum runoff when there is a shortage or lack of observational data.

At the present time computations of the maximum runoff of spring floods and
rain-induced high waters are made using empirical and semiempirical for-
mulas of different types: reduction and volume formulas and formulas based
on allowance for the maximum intensity of rain and on the hydromechanical
theory of surface runoff of water [3]. Without dwelling on certain merits
and shortcomings of these formulas, we will note two of their common char-
acteristics. First, as the principal arguments in them use is made of the
area of the drailnage basin, layer or intensity of precipitation and the
runoff coefficient. Second, they were developed for computing maximum water
discharges with a rare frequency of recurrence. Therefore, an objective
checking of computation errors on the basis of observational data to all
intents and purposes is unrealistic.

In this paper an attempt is made to develop a more general computation scheme
which while retaining the merits of the existing methods would meet two prin-
cipal requirements: first, make it possible to determine the maximum dig-
charges of spring floods and rain~induced high waters with a stipulated
excess probability and second, make it possible to give an objective eval-
uation of the computed characteristics on the basis of observational data

in the example of real floods and high waters.

100

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100090012-8



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100090012-8

FOR OFFICIAL USE ONLY

A detailed analysis of existing methods for computing maximum runoff

and the theoretical premises indicated that in the considered computation
scheme it 1s feasible to use the following arguments: length of the chan-
nel network, basin slope, runoff coefficient, layer and intensity of pre-
cipitation (snow reserves).

The length L or the density ¥ of the channel network, in contrast to the
area of the drainage basin, carries information not only on the volume of
the falling precipitation (snow reserves), but also on the peculiarities of
structure of the hydrographic net, being the joint product of geology and
climate and formed in the course of the historical time period [1l]. The
mean slope i of the drainage basin reflects the relief category [4] and

in generaiized form indirectly characterizes the hydrodynamic peculiarit-
ies of water flow along the slopes of the river basin,

Whereas the length of the channel network and the mean slope are relatively
stable characteristics of a drainage basin (in a relatively short histor-
ical period), the layer and intensity of precipitation (snow reserves)

are quite variable during the course of the warm season and from year to
year, Therefore, in the considered computation scheme it seems feasible to
use the characteristics of the measured values of the latter, which would
make it possible to convert from precipitation (snow reserves) of a given
excess probability to the maximum discharges of the corresponding guaranteed
probability. A theoretical analysis indicated that for the characteristics
of flood-forming precipitation it is sounder (in contrast to existing meth-
ods) to use the generalized precipitation parameter N, including its layer
H and the intensity a simultaneously:

N=aH.
(1)
B Since a = H/t, where t is the duration of the rain. then
N=1 (2)

i

In accordance with existing metliods, the runoff coefficient % is determined
- in dependence on the computed guaranteed probability. It seems most correct
to find its values by independent methods. For example, an analysis of ob-
servational data for 400 periods of high water at stations in the central
part of the Baykal-Amur Railroad Line zone indicated that the runoff coef-
ficient for one and the same stations decreases from the beginning to the
end of the warm season [2]. This is associated with an increase in the water-
holding capacity of the ground as it thaws during the warm season. An in-
direct characteristic of heat accumulation is the sum of positive mean
daily air temperatures % + t°, with which the runoff coefficient is also
rather closely related. At the same time, this ¢ value is also related to
the general precipitation parameter N, Thus, the runoff coefficient can be
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computed on the basis of the stipulated characteristics X+ t° and N for
any high water period on the rivers of the permafrost zone. A similar ap-
proach is possible for an independent determination of the runoff coef-
ficient in other regions of the country.

Q- 10'aleen p

2k !

1 1 J
10 15 N02umy B
| SO ST 1 1 il
10 20 30 40 S50 @ MMy C

Fig. 1. Curves of the dependence Qmax = £f(N), f(a), maximum discharge, on
generalized precipitation parameter (mean intensity of precipitation) on
the basis of sprinkling data in flumes F = 2 mZ,

KEY:
A. liters/sec
B. mm2/hour
C. mm/hour

Whereas the N parameter reflects the dynamics of feeding of water into the
drainage basin, the combination of the generalized precipitation parameter
and the mean basin slope determines the dynamics of discharge of the water
from the slopes into the channel network. Hence Q = £(N, 1), 4n analysis

of data from experimental sprinkling in flumes (Fig. 1) and data from long-
term observations on the rivers studied by the Kolymskaya Water Balance
Station and the Mogotskiy Heat and Water Balance Polygon of the Baykal-Amur
Expedition of the State Hydrological Institute during 1975-1977 (Fig. 2)
indicated that Q = f(N1),

Thus, the proposed computation scheme for determining maximum runoff can
be expressed in the form of the following models:
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a) for the maximum discharge of rain water runoff

Qmux,1 =L?N1+any (3)

[M = rain(water); wp = pre~high water] where Qmaxyain i8 in m3/sec, L 1is
in kmy N is in mmzlsec; i ie in fractions of unity; Qp.‘.e is the pre~high-
water water discharge, in m3/sec;

b) for the maximum discharge of spring high water

Qmaxsy = L 9 Ni, + Qupy (4)
[CH = snow] where Ngpoy 1s a generalized parameter of snow reserves, equal
to S

Nsnow = S2/t; (5)

here § is the water reserve in the snow, mm, tt is the duration of snow thaw-
ing, sec;

¢) for the maximum discharge of mixed snow- and rain-induced high waters

- {
Qmaxes = L® (N 4 Ne + Qupr (6)
ICD = s-r = snow~rain]
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Fig, 2. Curves of dependence qpax/7¢ = £(N) of maximum runoff modulus on
generalized precipitation parameter. 1) Kolymskaya water balance station,
ipean = 0.40; 2) Mogotskiy experimental polygon State Hydrological Insti-
tute. A) m3/ (secekm ); B) mm?/sec
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Converting to runoff moduli, we have

qmax‘, =y N4 U (N
Tmaxe, = 19 N, + Tunpy (8)
9)

Tmuxe, = 19 (N + Ny)! + Gnp:
[R. = rain; SH = snow; CIL= snow-rain; Wp= pre(high-water discharge]
Table 1

Computation of Maximum Water Discharges for Different Adopted Intervals of
Rainfall Duration

ty 1 teyr 9
20 21 25 30 10 11 12 15
H=60 sun: i=0,10; ¢=0,5; H=100 xn; lxl=0.|0; p=0.5;
=|' Y—_— )
_ He[t 0,050 | 0,048 { 0,040 | 0,033 0,012 0,0105]0,0097 10,0077
- (H:0)! 0,740 { 0,738 | 0,728 | 0,711 0,643 0,634 0,631 (0,617
quﬂ;‘(cm-xx?? 0,37 | 0.369 { 0,364 | 0,356 0,32 0,317 (0,316 {0,309
L. - 9n= 1,6 | 1,9 |34
T 100% 0 1,6 3.8 llga q"ﬁlwWh , , .
o
KEY:
1. hours
2. days
3. sécekm?

One of the peculiarities of the proposed method is that there is simultan~
eous use of elements of the volume formulas and the formulas for limiting
intensity in the form of the parameter N = aH, Thus, the precipitation
layer H is the main argument in the volume formulas and the intensity of

precipitation a is the principal argument in the formulas for limiting in-
tensity,

The practical use of formulas (3), (4) and (6)-(9) for determining the max~-
imum water discharges does not involve special difficulties, since the hy-
drographic characteristics of the drainage basin L, ¥ and i can be deter-
mined quite simply from large-scale maps and the N parameter can be deter-
mined on the basis of observational data for the nearest meteorological
stations. The possible subjective approach and the errors in determining
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the duration of rainfall have no serious effect on the accuracy of the com=
putations (Table 1), The possible computation errors for all intents and
purposes will not exceed 20% even with errors in determining rainfall dur-
ation from 10 to 15 days and basin slopes to 0,50, The reason for this is
the dominating role in the formation of maximum water discharge played by
such hydrographic and morphologlcal characteristics as density of the river
network and basin slope.

The errors in determining the maximum discharges of rain-induced high waters
by the use of formulas (3) and (7) were evaluated by means of comparison of
66 computed discharges with measurements in 1976-1977 in six river basins
of the Mogotskiy heat and water balance polygon of the Baykal=Amur expedi=-
tion of the State Hydrological Institute (central segment of the Baykal=-Amur
Railroad), having the following characteristics: area of basin == from 3

to 100 km?, slope == 0,15-0.18, channel network density == 0.8=1,0 km/km2.
The correlation coefficient between the computed and measured maximum dig=
charges was 0,99,

In addition, formulas (3) and (7) were also checked using observational data
for the period from 1950 through 1975 on three watercourses of the Kolym-
skaya water balance station: Kontaktovyy Nizhniy (F = 21,2 km2) Kontaktovyy
Sredniy (F = 14,2 km2) and Vstrecha (F = 5.4 km2)., Their characteristics
are: slope 0.30-0.65 and density of the channel network 2,0-3.5 km/km2. These
differ substantially from the similar characteristics of drainage basing in
the Mogotskiy polygon. The correlation coefficients between the computed

and measured maximum water discharges were equal to: for the Kontaktovyy
Nizhniy -- 0.93, Kontaktovyy Sredniy =-- 0.85, Vstrecha —- 0.64. The curve of
discributions of deviations of the measured and computed discharges for the
Kontaktovyy Nizhniy is shown in Fig. 3.

F T T
Fig. 3. Distribution of deviations of Qpeag from Qcomp+ Kontaktovyy Nizhniy
stream. F = 21.2 km, § ... = 11%, C, = 0.89, Cg = 1.75.

The checking of formulas (4) and (8) for computing the maximum discharges
of spring high water on the basis of long-term observational data for the
Valdayskaya Scientific Research Hydrological Laboratory imeni V. A. Uryva=-
yev indicated that the computation errors do not exceed 30%. In this case
the runoff coefficients were not computed by an independent method and
were adopted on the basis of factual data, which 1s not entirely correct.
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Thus, the proposed method has a number of advantages over existing methods:
first, it makes Lt possible to compute the maximum discharges of rain=in=
duced high waters and spring floods, and also mixed feeding by snow and rain
of different excesa probability on the basis of use of the small volume of
available information, and second, it makes it possible to obtain more pre=
cise results, Without question, it must be tested using a great volume of
data from fleld observations in different regions of the country with dif=-
ferent natural conditions.

One of the objectives of further investigations is a more rigorous theoret=
1cal substantiation of the proposed method.
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UDC 551,524:633,842(478,9) (477)
INFLUENCE OF AIR TEMPERATURE ON THE YIELD OF PEPPERS
Moscow METEOROLOGIYA I CGIDROLOGIYA in Russian No 6, Jun 79 pp 85-89

[Article by L. Ye. Bozhko, Odessa Hydrometeorological Institute, submitted
for publication 28 November 1978)

Abstract: A study was made of the influence of

air temperature oii change in the yleld of vege=
table pepper under conditions of {rrigation in

the Moldavian SSR and in the southern Ukrainian
SSR.

[Text] The cultivation of peppers became common in our country in the late
1930's when the canning industry began to develop. The principal regions of
its cultivation in the European USSR are the Moldavian $SR, the southern
oblasts of the Ukrainian SSR and RSFSR, and the northern boundary of con-
mercial cultivation runs along the line Bryansk-Tambov-Kuybyshev. The total
area in peppers at the kolkhoz and sovkhoz farms in the Soviet Union is 507
of the areas occupied by this crop in the world.

Peppers are characterized by increased requirements on heat and moisture,
far greater even than for tomatoes and eggplants. Peppers will not toler-
ate arid conditions and therefore in most regions it {s cultivated under
irrigated conditions. In the opinion of some authors (1, 2, 7] peppers grow
and develop well at an air temperature above 15°C; at 13°C its growth and
development are slowed, the flowers, buds and young fruits drop off, and at
10°C growth ccuases completely. It is damaged by frosts of any intensity at
any age. During spring the seedlings perish completely even when there are
insignificant frosts, whereas during the autumn the fruits lose commercial
value. Peppers require the most heat during budding and mass flowering.
During the fruit-bearing period peppers react less sharply to a decrease in
air temperature, but on the other hand the moisture requirements increase,
With a decrease in soil moisture content below 75% during the fruit-bearing
period there is an increase in the distortion and bitterness of the fruits
and a worsening of their commercial appearance.

In the European USSR the varieties with the greatest commercial importance
are Novocherkasskiy 35, Bolgarskiy 079, Moldavskiy Belyy, Yubileynyy 307,
Moldova 118, and others. Everywhere peppers are cultivated as a trangplant
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ctop. The getting out of the seedling takes place when the air temperature
passes through 13-15°C. In Moldavia and in the southern oblasts of the
tkraine the transplanting takes place in the second ten-day period of May;
to the north of the line Chernovtsy-Znamenka=Izyum == at the end of May. The
mean long-term date of flowering is observed during the third ten-day period
of June = early July, and technical ripeness == in late July=early August
respectively, The last harvesting of fruits is limited by autumn frosts

and occurs in late September-early Octobar, The duration of the growing sea=
8on averages 145 days; the duratien of the fruit-bearing season is 80 days.
There are 8=12 harvestings during the fruit-bearing season. The greater
part of the harvest falls in the third-eighth harvestings.

During the period from the transplanting to the flowering of the peppers
(niddle~maturing varieties) there must be a sum of 2,500-2,800°C of active
temperatures above 15°C, The guaranteed probability of growing season heat
for peppers in the Moldavian SSR and in the southern oblasts of the Ukraine
is 85-90%, in the southeastern oblasts of the Ukraine =~ 75-85%, and to the
tiorth of the line Chernovtsy-Znamenka=lzyum == 65=75%., Due to the different
guaranteed probability of heat, there is a difforent mean level of the yleld
of peppers. Its highest mean ylelds are in Moldavia, Odesskaya, Nikolayev=
skaya, Khersonskaya Oblasts and in Krymskaya Oblast == 200-260 centners/hec-
tare. In the southeastern oblasts of the Ukraine the mean yield is 150-~190
centners/hectare. In the remaining regions it is 130-150 centners/hectare,
The yield in all regions varies in a wide range from year to year.

- Few studies have been devoted to determining the agrometeorological reasons
for the considerable varfations in the yiceld of peppers.

We examined data on the yleld of peppers and the agrometeorological condi-
tions for its growth during a period of 18-20 years. An analysis of the
yleld variability was made by the V. N. Obukhov method [5]. As is well
known, the dynamics of increase in the yleld of agricultural crops is
governed by an increase in the technical level of agriculture, against
whose background there are random variations of yield associated for the
tost part with weather conditions. Such studies made for winter and spring
wheat, barley, sunflower and oats [3=6] are known.

For the considered territory the temporal change in yield (y = f(t), where
y is yield, t is time) was approximated either by a straight-line equation
or by a second-degree polynomfal. The coefficient a in the equations char-
acterizes the mean annual yield increment. It should be noted here that the
mean annual fncrement in the equations for the tendency to a change with
time (trend) can be determined not only by the level of agrieultural cul-
tivation, but also to some degree by the weather conditions in individual
years [3=6].

An analysis of the dynamics of the tendency to a change in the yleld of
peppers (Table 1) shows that the increment in its yield in different re-
glons of the investigated territory is nonuniform. It was greatest in the
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Moldavian S8R, Odesskaya, Khersonskaya and Nikelayevskaya Oblasts (42=65%).
There 18 a lower increment in the remaining oblasts of the Ukraine, espec-
1ally in Crimean SSR, where it was only 16%. It should be noted that during
recent years in some oblasts, especially southeastern oblasts, the rate of
the increment decreased. The decrease in the rate of yield increment during
recent years can be attributed to some degree to a disruption of the irri-
gation regime (a shortage of water for irrigation in the Crimea) and also
a change 1n the physical properties of the soil as a result of their salin-

1zation,
Table 1

Equations for Trend Lines and Change in Mean Oblast Yield of Peppers During
Period from 1956 Through 1973

S Mpupocr
v 3V‘:::::"’ pompan a |3
B ; Bech Nepu .
Pecny6anka, obaacts pasiicin auini ® o - e llx(::)??:n-
1 2 TpeHnon 85| =% pHAUKH
S22 yea| oy
2% | 22| cenfnersi/hectare
Q 4
8 Moaaascxan CCP =0,17 x24-20,4 . Y
s bd.wcm oI y +204x+469 | 193 |1 318 | 115 | 52| 0,23
10  Oaeccxan y=19 241549 198 131 ) 13| 47| 0,18
11 Nepcoucexan y=3,6 x+.148,2 18) | 235 46 2 0,14
Hnxonaescxan y=16x+1808 130 | 269 | 139 4y 0,16
i§ Kpuwcxan y=1,6 242101 253 | [ 3] 16| 09
1 Janopoxcxan Y=09 234245 x 4548 99 | 146 47 47 0,24
Hodeixan y=1,2x4139,6 93 1 1831 8 | 48] 031
} Bopownavstpaickan |y=34 x24-582 x4+ 19,5 96 | 15Y 63 5 0:32
1 duenponetposchan  |y=2,7 241388 9% | 185 90 98 0,2
1 Kuposorpa 1ckas y=13 x+154 8 83 | 188 | 15 | 100 0.24
KEY:
1. Republic, oblast 10, Odesskaya
2. Trend 1line equations 11, Khersonskaya
3. Yield, centners/hectare 12, Nikolayevskaya
4. Increment in yield during entire period 13. Krymskaya
5. Variation coefficient 14, Zaporozhskaya
6. Beginning of period 15. Donetskaya
7. End of period 16. Voroshilovogradskaya
8. Moldavian SSR 17. Dnepropetrovskaya
9. Oblasts of Ukrainian SSR 18, Kirovogradskaya

Using the method employed earlier in evaluating the climatic variability of
the yield of winter and spring wheat, spring barley, sunflowers and oats

- (3, 4, 6], we computed the climatic variability of the yield of peppers
Cp (Table 1).
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Here C, 1s the variation coefficient, y; 1s the yleld for a specific year,
y 1is the mean yield, §; 18 the dynamic mean yield value, n is the number of

investigated years,
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Fig. 1. Dynamics of correlation coefficients between deviations of yield of
peppers and mean ten-day air temperature. a) Donetskaya and Zaporozhskaya
Oblasts; b) Voroshilovgradskaya Oblast; c) Moldavskaya SSR, Odesskaya, Kher-
sonskaya and Nikolayevskaya Oblasts; d) Dnepropetrovskaya and Kirovograd-
skaya Oblasts; e) Krymskaya Oblast

An investigation of the variability of the yield with time shows that rela-
tively stable yields of peppers are observed in the Moldavian SSR, Krymsk-
aya, Odesskaya and Khersonskaya Oblasts. Considerable yield variations

were observed in Zaporozhskaya, Donetskaya and Voroshilovgradskaya Oblasts,
vwhere the Cp values are maximum (0.24-0.32),

What factors are responsible for the considerable yield deviations from the
trend line? As mentioned above, in the entire considered territory peppers
are cultivated under irrigated conditions. We did not feel that it was
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possible to evaluate the influence of the irrigation regime. It can be sur=
mised that under lrrigation conditions the moisture supply of sown crops is
adequate, Therefore, we examined only the distribution of air temperature,
Quantitative lnvestigations of the interrelationship between deviations of
the yleld of peppers from the trend line and the anomaly of the mean 10-day
alr temperature made it possible to detect the influence of alr tempera-
ture during the period from May through the second ten-day perlod in Sep=
tember on yield,

Figure 1 shows that not in all reglons 18 the influence of the thermal factor
on the change in crop yield the same, For the Mcldavian SSR, southern and
southeastern oblasts of the UkrSSR the period of greatest positive influence
of alr temperature on change in yield falls at the end of June and July; for
Kirovogradskaya and Dnepropetrovskaya Oblasts ==~ in July and early August.

v

400

300

200

4

100 0 ) OB

100

Fig. 2. Correlation between yield of peppers (y) and sum of air temperature
above 15°C (x) during critical period.

KEY:
A. y centners/hectare

A high air temperature in June exerts a negative influence on the magnitude
of the yield in these regions. To some extent this is associated with the
times of transplanting of peppers. In Moldavia and in the southern oblasts
of the Ukraine, where transplancing occurs in the second ten-day period in
May, by June the plants begin to vegetate actively. In Kirovogradskaya and
Dnepropetrovskaya Oblasts the transplanting occurs later and in June the
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plants are acclimatized., Therefore, it is natural that the high tempera-
tures of the beginning of June exert a negative influence on the yileld of
peppers, especially when the irrigation is not carried out in time. An in-
crease in the period between waterings in the perlod of fruit-bearing up

to 20 days or more and any sum of precipitation during this period of less
than 10 mm also has the effect that the ailr temperature begins to exert a
negative influence on the magnitude of the yleld (in Zaporozhskaya Oblast
== in the thivd ten-day period of July and the first ten-day period of Aug-
ust (Fig, la); the third ten-day period of August and the beginning of Sep-
tember -~ in Donetskaya Oblast (Fig. lc).

A correlation analysis of the anomaly of the mean ten-day air temperature
and deviations of the yield from the trend line shows that over the entire
territory the factor of greatest importance for crop yield is ailr tempera=-
ture in the budding period and the mass flowering of pepper plants. This
period lasts about 30 days and is called the critical period. With respect
to calendar periods, as a long-term average this period is observed in late
June=-July. The special correlation coefficients are highest precisely during
this period and vary in the range from 0.42 in Krymskaya Oblast to 0.65 in
Dnepropetrovskaya Oblast. Proceeding on this basis, we attempted to deter-
mine the dependence of the yield of peppers on the sum of the mean daily tem-
perature above 15°C during the period 10 days before to 20 days after the
phase of flowering of the plants. This dependence 1s represented in Fig. 2

and 1s characterized by two concentrations of dots. A more detailed analysis
‘ of this correlation indicated that low yields in the case of an adequate
alr temperature sum are obtained as a result of the withering of plants dam-
aged by the fungus Verticillum albo - atrum R and the virus affecting the
buds, A considerable decrease in the yleld is already noted when 8% of the
plants are affected. The greatest damage to the plants occurs in years with
marked transitions from molst cool periods to dry and hot periods (2, 7].
The correlation betwsen the yleld of peppers and an air temperature sum above
15°C during the critical period is linear and is expressed by the straight
line equation

y = 1.86x +189,

where x is the temperature sum above 15°C during the critical period, n = 82,
r = 0.77+0.03, Ey = 321 centners/hectare,

The error in the equation is 9% of the mean level (236 centners/hectare).

It should be noted that in all categories of farms the yield will be lower
than in the seed-selection stations. The corresponding coefficients were es-
tablished for conversion from the yield at the seed-selection stations to the
mean oblast yleld (Table 2). The coefficients were different for different

- oblasts. The greatest value of the coefficient is for Moldavia and its lowest
value is in the southeastern oblasts of the Ukrainian SSR. This is evidently
attributable to the different levels of agricultural engineering. In Moldavia
the coefficient is highest, close to the level of the seed-selection station.
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The equation which we derived -~ the dependence between the yleld of peppers
and the atr temperature sum -- can be used for predicting the yleld of
peppers, Since the perlod of fruit bearing of peppers lasts from 60 to 90
days, the advance time of the forecast is 2=2,5 months.

Table 2
Ratio of Mcan Oblast Yield of Peppers to its Yield at State Seed-Selection
Stations
Republic, Oblast ;/—;SSSS
Moldavskaya SSR 0.80
Oblasts of UkrSSR
Odesskaya 0.50
Dnepropetrovskaya 0.45
Zaporozhskaya 0.40
Krymskaya 0.56
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UDC 551.509.314:633,15(497.2)

STATISTICAL STRUCTURE OF THE FIELD OF PHENOLOGICAL PHENOMENA FOR CORN
IN BULGARIA

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 6, Jun 79 pp 90-96

[Article by Ye. Khershkovich, N. Slavov, M. Vandova, M. Yordanova and
P, Ivanov, Institute of Hydrology and Meteorology, Sofia, submitted for
publication 28 November 1978)

Abstract: For the purpose of studying the optimum
density of the network of phenological stations
a study was made of the statistical structure
of the phenological phenomena for corn in the
low-lying part of the territory of the country
(up to 400 m above sea level). The investiga-
tion was made using structural and covariation
functions of the interphase periods of corn on
the basis of data for 25 stations making observ-
- ations in different climatic regions of the coun-
try in 1960-1975. The authors have determined
the random and "microclimatic" errors of the
corresponding functions, The errors in optimum
interpolation and extrapolation were ascertained.
It is concluded that the use of the statistical
structure of the field of phenological phenomena
makes possible a scientific validation of the
optimum density of stations making phenological
observations.

[Text} In an article entitled “Statistical Structure of the Field of Pheno-
. logical Phenomena in Bulgaria" [7] an attempt was made to investigate the

optimum density of siting of phenological stations in the country, for

this purpose using an objective method —-- study of the statistical struc-

ture of the field of the observed element. Our investigation is devoted

to this same objective, employing the same method, but with a different

approach and other initial data.
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- In order to study the peculiarities of phenological phenomena, governed
by thelr dependence on many conditions, not only on the environment, but
also on the plants themselves, the cultivation method, etc., the duration
of the interphase periods of corn was adopted as the basic material for
the investigation. The influence of the variety and agrotechnology on

the duration of the interphase periods was not taken into account, since
in the investigation we used the computed dates of onset of the phenolog~-
lcal phases by means of indices derived from the great volume of observa-~
tional data for a definite group of hybrids.

We studied the duration of the interphase periods: sowing-sprouting, sprout-
ing-ear formation, ear formation-milky ripeness, milky ripeness-wax ripeness,
wax ripeness-total ripeness by the method developed by N. Slavov [5]. The
duration of the interphase periods was determined on the basis of data for

25 stations situated in different climatic regions of the country, at an .
elevation as great as 400 m above sea level, during a 15-year period (1960-
1975). For each phase we obtained 325 combinations of two stations with a
different distance between the stations, and for six phases -~ 1,950 combina-
tions. For some distances there were few cases, which exerted an influence

on the results.,

The investigation of the statistical structure of the field of phenological
phenomena was carried out with respect to the structural and covariation
functions -- normalized and not ncrmalized.

In determining the structural and covariation functions we used the devia-
tions f' -- the deviations of the duration of the interphase periods from
their mean values £, computed for this same period.

~
The structural bf(ﬂ,) and covariation ﬁ}( Z) functions were regarded as func-
tions of the distance ), between the observation points.

The duration (in days) of the interphase periods of corn, averaged for the
country, the standard deviations and their maximum and minimum values, are
given in Table 1.

Table 2 gives the values of the normalized structural and covariation func-
tions by distance gradatinns, mean distances and the number of cases on the
basis of which they were obtained.

According to [2], in order for the field of phenological observations to be
uniform and isotropic relative to these functions, there must be satisfac~
tion of the condition i

by(l) +2my(f) = 2m,(0) = b,(x), B, (D) + 1) = 1.

An analysis of the resulting values of the structural and covariation func-
tions indicated that this condition is not fully satisfied. This is be-
cause the considered functions were computed with errors, attributable
both to the limitation of the seriés which are used in the study and to
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the errors in the initial data caused by random and "microclimatic" errors,
However, the data in Table 2, obtained after eliminating most of the errors
by means of computing the corrected functions, show that the field of pheno-
logical phenomena can to a considerable degree be considered uniform and iso-
tropic.

In Fig. 1 it is possible to trace the change in the structural and covari-
ation functions,

Table 1

Mean Duratlon of Interphase Periods of Corn for Country (D, days) and Their
Standard Deviation (&)

| o : —_—
A 4 A
. . . Cp. [MaKC. { MHY. CP. [MaRC. | My,
cp Mnl&c Mﬁﬂl E ll& 5 pl 5 3
4 CeB—BCX0AN 5 Bexoau — oumMertisatie || 6 B"'M““i:::o;:""°“"“
18 | 5 6 J 66 10 12 l 8 26 2 3 I 1
Mouounas cne-
Bookosag cneaoctb — Bexoaut — noanan
7 o e 8 hoanar cnenocts 9 cnenoets
17|2 R n|2|al: mlm‘na‘s
KEY:
1. mean 6. Ear formation-milky ripeness
2. maximum 7. Milky ripeness-wax ripeness
3. minimum 8. Wax ripeness—-total ripeness
4, Sowing-sprouting 9. Sprouting-total ripeness

5. Sprouting-ear formation

In this paper we determined the random and "microclimatic"~grrors by means
of extrapolation of the structural bg( L) and covariation mf(QJ functions
to | = 0 using the graphs shown in Fig. 1.

Table 3 gives the computed (by two methods) values of the standard devia-
tions 0§ of the random and "microclimatic" errors and thelr measure 2 =
02/ & %. The values of the measure of errors show that the computed dura-
tion of the interphase periods is accompanied by errors which constitute
10-18% of the natural variability of the interphase periods. Only the var-
iability of the sowing-sprouting interphase period, as was expected, was
maximum =~ 407 of the natural variability, This period is dependent to a
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considerable degree on environmental factors and although the most impor-
tant of them, heat and moisture, were taken into account in computing its
duration, it can be sald that as a result of the great number of factors
exerting an influence on its duration, the data for this station cannot be
representative for other places, even with minimum distances.
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¢
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80 160 240 J20 400

~ 1
Fig. 1. Structural (bg( L)) and covariation (r?;f( £)) functions of duration
of interphase periods of corn. a) sowing — sprouting; b) sprouting - ear
formation; c) ear formation - milky ripeness; d) milky - wax ripeness; e)
wax ripeness - total ripeness; f) sprouting - total ripeness

~
Since the normalized covariation function Mgl L) (correlation coefficient)
was used as the basic criterion in determining the errors in optimum in-
terpolation and the admissible distances for interpolation between the ob-
servation points, it was analyzed more carefully (Fig. 2). The values of
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the correlation coefficlent decrease with an increase in the distance between
pairs of stations. With all interphase periods to a distance of 60-80 km this
coefficient decreases relatively rapidly -- from 0.95, 0,90 to 0.80. This
also relates to the interphase period sowing-sprouting, but with the differ-
ence that the empirical correlation coefficient, with a zero distance, is
here 0.70, whereas at 60-80 km it decreases to 0.50. The relatively small
correlation coefficient for the data for one station with this interphase
period indicates a great variability of its duration from year to year.

e
08 = N
______ \\\s
0f - IaRLIS
a4 -
0 160 240 320 400 80 160 20 J20 400 00 190 20 320 {xm

Fig. 2, Correlation coefficient r({) of duration of interphase periods of
corn. a) sowing - sprouting; b) sprouting - ear formation; c) ear formation
- milky ripeness; d) milky - wax ripeness; e) wax - total ripeness; f)
sprouting - total ripeness; r( l) -- theoretical curve; f?_ﬁ) ~— empirical
curve.

With distances from 80 to 280-300 km the correlation coefficient for all
interphase periods remains relatively high, at one level, after which it
decreases rapidly.

The empirically computed correlation coefficients r( ﬂ) in absolute value
are less than the theoretical r( }) correlation coefficients as a result of
the random and "microclimatic" errors which are involved. Despite this,
their value§,when 1 = 0, obtained by means of extrapolation of the empir-
lical curve r(,l), are extremely high, 0.90 and above. With scue interphase
periods £( },) 1s close to r(L) or equal to it. In Fig., 2 it is possible

to trace the variation of the corrected correlation coefficients, with which
there is elimination of the influence of random and "microclimatic" errors
using known formulas. The measure of error of the random and "microclimatic"
errors & 2, obtained with correction of the empirical correlation coef-
ficients by computation, for all the interphase periods is extremely close
to that obtained in Table 3.
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Table 2

Normalized Structural and Covariation Functions of Duration of Interphase
Perlods of Corn
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KEY TO TABLE 2

1,
2,
3.
4,
3,
6,
7.
8.

Distance gradation, km
Number of cases
Sowing=8prouting
Sprouting-ear formation

Ear formation = milky ripeness
Milky ripeness - wax ripeness
Wax ripeness - total ripeness
Sprouting - total ripeness

Table 3

Random and "Microclimatic" Errors in Duration of Mean Interphase Corn Periods

KEY ¢

. Bocxonan
Cep— |Bexoan = E::m'ﬂ gmg:”‘:: ne  |Bexon~
nexoau | PHMETHYl 60 ounan sockopan | 10CTE = | noasan

BaKe Foneaocts | cneaoery | NOANAA | cnesocts

1 2 q 4 cncnoefn A
7

a3 1o bl 86 n 08 05 05 10
a3 no mgAN 9 12 11 0.5 04 9
2] 04 0,12 0,18 0.1 0,13 0.1

1. Sowing=sprouting

2, Sprouting~ear formation
3. Ear formation-milky ripeness

4. Milky ripeness-wax ripeness

5. Wax ripeness-total ripeness
6. Sprouting-total ripeness

7. for

Using data on the measure of random and "microclimatic" errors § 2 and the
corrected values of the correlation coefficient r(l) we computed the meas-
ure of errors SZ(L) in optimum interpolation using the formula

SW=g+1—

)

2 (T‘-

T+r()

As assumed in study of the statistical structure of the field of the known
element (1), in this analysis we also use the condition that optimum in-

terpolation can be aduigssible when the measure of errors in optimum inter-
polation does not exceed half the natural variability of the mean duration
of the interphase periods and is greater than the measure of random errors
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Table 4

Cotrelation Coefficient ¥( i.), Measure of Errors in Optimum Interpolation
$()) and Extrapolation Errors £ (Days, 7) of the Duration of Interphase

Perioda
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KEY:
1, Sowing-sprouting
2, Sprouting-ear formation
3. Ear formation=-wax ripeness
4, Days
5. Milky ripeness-wax ripeness
6. Wax ripeness-total ripeness

We also determined the mean square errors which could arise in extrapola-
tion at different distances from the observation point using the formula
E=o VT=[r,)]

where O is the standard deviation of the mean duration of the interphase
periods, re(}1) 1s the corrected correlation coefficient at different dis-
tances.

Table 4 gives the values of the corrected correlation coefficient r( ﬂ),
tieasure of errors in optimum interpolation S(XL) and in absolute (days)
and relative (%) values the mean square errors E in extrapolation for the
corresponding distances.
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The data in Table 4 show that except for the interphase sowing=sprouting
petlod, for all other interphase periods optimum interpolation 18 admis=
sible in the cade of considerable distances == from 120 to 400 km from the
observation point, and the mean square error in extrapolation even to 400
km 18 more than 14=157 of the values of the interphase pertods,

Lt can be assumted in general thae for the nonmountaineus part of the coun=
try, to an elevation of 400 m above sea level, a good correlation is mani=
fested between the duration of the interphase periods of ecorn in days (ex-
cept for the sowing=sprouting period) at great distances. Here, as in (7],
it must be emphasized that this correlation is manifested at great dis-
tances only under the condition that the loealities for whieh the data

of the observational point are extrapolated are situated in level and open
places, similar to the site of the observation point,

The one-sided results obtained in two investigations of the statistieal
structure of the field of phenological phenomena can serve as a basis for
developing a new structure of the network of phenological stations in the
country and a new method for making observations of phenological phanomena.
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- : Unc 551.509,313

POSSIBILITY OF RESONANCE EXCITATION OF LARGE=-SCALE WAVES
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 6, Jun 79 pp 97-99

- [Article by Doctor of Phyaical and Mathematical Sciences A, I. Ivanovskiy
and A, A, Krivolutskly, Central Aerological Observatory, submitted for pub=-
lication 28 August 1978]

Abstract: In this article it is demonstrated
that the application of the linear theory of
tides makes it possible to detect the reson=-
ance properties of the atmosphere as an oscil-
latory system. In the presence of "centers'

in the atmosphere modulating atmospheric para-
meters in longitude there can be excitation

of traveling planetary waves -- Rossby waves.
Estimates made for the case of absorption of
variations of the flux of solar radiation caus-
ed by solar rotation (T® 27 days) in longitude
inhomogeneities of ozone in the earth's atmo-
sphere give a value of the resonance amplitude
for individual resonance modes of about 10-15
mb,

[Text] The application of the linear theory of tides makes it possible in
explicit form to detect the resonance properties of the earth's atmosphere
as an oscillatory system, For this purpose we will examine a system of
equations in hydrodynamics and thermodynamics (on a sphere), linearized
relative to the mean state of the atmosphere

u m 1 dp v
ou, & o Ao, T ogo) e
‘?T+aslno'd—,'+o(2"c°’0+ aov ¢ apsne d3 H O
- - 1 op “
W o4 99y 2ucosd ~ L ctgd =—-—-.-p-—-H—:-v.
ot " asmo 0% "( “ a g ar oY
IS
ox [ 1
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dbp kI Ay ’
o Ve et Uehe=0 (1)

d> - LT
G re(n-GH ) g H =0,

- 1 (] Sy
vhere L e {9 00 + 7v)

is the plane divergence of veloeity; u, v, w are the wind velocity compon=
ents; ¥ 1s longttude; § is colatitude; H is scale helght; x = z/H} p', T'
are disturbances of pressure and temperature; 2 is density; Y= cp/cv;

V is the vertical coefficilent of turbulent viscosity; a is the earth's
radius; u = aot(8) is the climatologlcal wind profile; q is an external
source.

System (1) is more general than that used in the linear theory of tides
[1]. We note that the linearization of the initial equations appears jus-
tified (also like the introduction of viscosity of the "dry friction"
type) in the case of examination of large-scale (background) processes.

We will seek the solution (1) in the form of traveling waves:

u=U(x, He'sttisy,
V- V(X. O)e“l*"'" .

where O is the frequency of the process, s is the longitude wave number,

Then X after transformations assumes the form

) o
q -t F(L-)+-'23 ,

2wat 4 0x
where
— 9 _ = o _T\_ _ JsgH
y o S0 g (EoT) surgn( e =T)—surgn - LEH ‘
W FiF. Y 2w
FiF: (e =)
- i _2unda =9 ' i,
mecosd, an - e S =it Sp i
da
5y e

2
=l =g P=lt g
For Blinova-Haurwitz circulation
M ) v
a=d0 sin 0, Fi=Fy=140, = ’2l; (c 4 S wd 4 I-H—_-_-).

The F operator coincides with the classical operator of tides, if in the

= U/2d v
latter f /20 1is replaced by S s ho o Lo

and ¢ 18 replaced by o (1 + § ). Tu(l+?)
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After trangformations for a sufficiently thin layer of the atmosphere the
gystem (1) is reduced to the equation

°]_(l ..-3}4_]%1).%'.4.1_'1:'._'41.%_%;.]_..'[(1 "%")';FJ?’:" +_% g P]+ (2)

where

T Q- =D -%-g-ﬁ-ﬁw—"-. 3mt I

T —— ox P P
(d: + ra) (the line at top

ndicates vertical averaging in some layer).

Representing the solution and source in the form of a series of eigenfunc-
tions of the operator F, after separation of the variables we obtain a
residual equation in the form

e R

axt, ]
dx

(3

ogAy dXS 4 X gHN, ., IRy _
M[(‘u%—-{") dxn M- axzn aﬂw;ﬂls_x".l‘ o’ o

where A% is the separation constant; R§, X3 are the amplitudes of oscilla-
tions of the source and pressure of a definite wave mode.

Solving (3) with the boundary conditions for radiation at infinity (Wilkes)
and w = O at the earth's surface, after transformations it can be found
that at the earth's surface in the neighborhood hSz Y H the "fundamental"
resonance (1] ig _.,_‘

1(2—7YHuw(l 43)

Xa =l J‘ RS (8 4,
po o Aot " T girig)d 7O (%)
vhere T 1s the "equivalent depth" of the atmosphere, d?és

is the resonance frequency,

2us
a(n+1)

L
o' " = ds +

[p = res(onance)]

In the case 0”‘"“:3 the )gl value will evidently be maximum (resonance) and
limited by the value ¥/HZ.

It must be noted that the representation of the source in the form of a
traveling wave ~elt+8 ¥ {5 correct when there are longitude inhomogen-—
eities and variations with time. Then the amplitude of the effect will
be proportional to the value Ag ccs (s¥)A _cos(o't), that is, is a stand-
ing wave. It can be represented in the form of the sum of two waves trav-
eling in opposite directions:
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A, A A A
A, Ay cos (8 p) cos (af) = ...!i-..‘..cos(al+ sy) + ﬁ'l_'.cos(ot-up-).

But the oscillatory properties of the atmosphere are such {1] that only
one of them can be resonance (h8 xYH), Thus, on fixed "centers," modul-
ating atmospheric parameters, there can be generation of waves traveling
along a circle of latitude =~ Rossby waves (in the presence of source var-
iations with time),

For evaluating such data we will examine a thermal source -~ periodic heat=
ing of the atmosphere as a result of the absorption of solar radiation,
modulated by solar radiation (T 27 days). In our opinion, this is the ex-
ternal gource most studied at the present time [5].

As the absorbent we will examine ozone, whose total content has a longitud-
inal periodicity —- "ozone waves" [4],

Taking into account absorption in the Huggins and Chappuis bands (computing
the R% values in (4)) and taking the relative amplitudes of the fluctua-
tions of solar radiation Ags and the total ozone content Ag3tAe = 0.06%
[5], Ag = Ag, = 15% [3], we find, as a result of computations, that the
amplitudes og the individual (resunance) modes at resonance can be 10-~15

mb . '

An analysis shows that conditions for precise resonance are possible in the
lower stratosphere, The oscillations arising there then, without significant
attenuation, penetrate into the troposphere (tide). In this connection, the
coefficient ¥, participating in the evaluations, corresponds to this re-
glon of altitudes ¥ = 5:10% cm2/sec [3].

It must be remembered that the value 0'- O"Ta8, determining the closeness

of the frequency of the external effect to the characteristic frequency of
the atmosphere, will change slowly with time (§ has a quasi-annual period),
Therefore, the source can successively excite an entire set of wave modes,
whose superpositioning (solution) will give a complex picture of atmospheric
response to an external effect, whose prediction is possible only on the
basis of mathematical modeling.

Our computations and evaluations give basis for considering the further de-
velopment of the resonance mechanism to be promising.

The principal points, mathematical model and evaluations of the resonance
amplitudes have been presented in greater detail in [2].
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UDC 551.594,21(574.51)
UNUSUAL OCCURRENCE OF A WINTER THUNDERSTORM IN ALMA=-ATA
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 6, Jun 79 pp 100-101

[Article by Candidates of Geographical Sciences R. S. Golubov and A, A.
Skakov, Kazakh Scientific Research Hydrometeorological Institute, submitted
for publication 15 May 1978)

Abstract: The article describes the synoptic
and thermodynamisc conditions under which an
intensive thunderstorm was observed for the
first time during winter.

[Text] On 25 December 1977, at Alma-Ata, during the intensive falling of
snow, at 0520 and 0540 hours Moscow time there were severe thunderstorm
discharges accompanied by loud rolling of thunder. During the existing
60-year period of observations such a phenomenon was observed for the
first time in winter in Alma-Ata., [Here we do not take into account the
thunderstorm observed at Alma-Ata on 27 February 1973 because the synoptic
processes of late February belong to the spring period,]

In this connection it is of unquestionable scientific interest to analyze
the mentioned case.

It follows from a comparison of the weather maps that between 0300 and 0600
a cold front passed through Alma-Ata which is well expressed in tempera-
ture contrasts. This frontal separation was accompanied by an extensive
zone of precipitation. In order to determine the time of passage of the
front through the city more precisely we analyzed data on the temperature
change at the Alma-Ata Hydrometeorological Observatory (AAHMO) (city), the
airport and at three high-mountain stations situated at elevations of

about 1,900, 2,300, 3,000 m and situated to the south of the AAHMO at a
distance of 20-23 kam. It follows from all these data that the cooling be-
gan between 0500 and 0600 hours, according to data from the Aerometeorolog-
ical Center (AMC) where observations were made each 15 minutes, at 0535
hours Moscow time. Thus, the beginning of the thunderstorm almost coincided
with the time of passage of the front through Alma-Ata. The front had a
very steep inclination; in accordance with the time of observations at
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the meteorological stations, the cooling began almost simultaneously from
the ground surface to an altitude of 3,000 m (Mynzhilki station).

§69

600

850

=10 0

Fig., 1. Aerological dfagrams. Alma-Ata, 27 December 1977, a) 0900 hours; b)
0300 hours. 1) unstable stratification; 2) stable stratification

For a still clearer demonstration of what we have said, Fig. 1 gives aero-
logical diagrams for 0300 and 0900 Moscow time, It follows from these data
that a cooling from 0300 to 0900 hours was simultaneously propagated to the
500-mb surface. It was especially significant to the 700-mb surface (approx-
imately 10°C in 6 hours). It follows from Figure 1 that at the time of for-
mation of a thunderstorm to the 750-mb surface (by the particle method) an
unstable stratification was observed (1). According to data in the aerolog~-
ical diagram, at 0300 hours in the layer 615-500 mb there was convective in-

stability (08'/dz = ~1,1°C).

The convective instability was also observed according to the aerological
diagram in the layer 0-850 mb (38'/2z = -1.5°C). All this is confirmed
by the presence of Cb at the moment of passage of the front according to
data for the AAHMO meteorological station in the city. At the same time,

at the alrport, according to data of the AMC meteorological station, thun~-
derstorm discharges were not observed there. The clouds were of the strato~
cumulus and stratonimbus types. We note that vertical sounding of the atmo~
sphere is carried out in the neighborhood of the AAHMO (in the city).

After analyzing all that has been said, the following conclusions can be
drawn:

1) thunderstorm discharges in the neighborhood of the city on 25 December
1977 occurred as a result of passage of a well-expressed cold front with a
very steep slope, favoring intensive vertical movements, intensified by
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mountain ranges, as a result of which an unstable state of the atmosphere
developed;

2) in order to predict this phenomenon in the cold season of the year it is
possible to employ only those methods which are capable of predicting the
stratification curve reliably at the time of passage of a front;

3) the thunderstorm developed with very low specific humidity values at
the ground level (about 3,0-3.5 g/kg).
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UDC 551.508.95:535,343.4
SPECTROSCOPIC METHOD FOR DETERMINING ATMOSPHERIC CO CONTENT
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 6, Jun 79 pp 102-105

[Article by R, M, Akimenko, Candidates of Physical and Mathematical Sci-
ences V. A. Aref'yev and N, Ye. Kamenogradskiy, N. I. Sizov and V. P, Ust-
inov, Institute of Experimental Meteorology, submitted for publication

5 September 1978])

Abstract: This paper gives the results of
laboratory experiments for determining the
dependence of the Q value (spectral charac-
teristic of transmission of radiation in
the absorption band 2.064m CO2) on the

C02 concentration., There was found to be a
substantial difference between the derived
experimental dependence from the computed
dependence used for determining the atmo-
spheric CO2 content. A method is proposed
for dntroducing a correction for the comput-
ed dependence on the basis of experimental
data.

[Text] Modern data on the background concentration of carbon dioxide and
iis variations in the atmosphere have been obtained as a result of system-
atic measurements by the sampling method and by analysis of air samples
with the use of optical-acoustic nondispersion IR gas analyzers [7]. The
taking of ailr samples is accomplished at specially selected points with
unique geophysical conditions [6]. The choice of sites with geophysical
conditions suitable for background measurements of CO, content is extremely
limited. At the same time, the sampling method makes it possible to meas-
ure the €Oy concentration only locally and it is impossible to exclude an
influence on its value from weak local natural and anthropogenic CO2
sources.,

The limitations associated with the choice of a measurement site and the
influence of weak COy sources are excluded by measuring the total CO2 con~
tent in a vertical column of the atmosphere by the spectroscopic method.
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This method i1s used extensively for measuring the gas components of the
atmosphere, especially those whose concentration varies greatly with time
(5],

The principle of the spectroscopic method is the registry, using a spec-
trometer, of the absorption spectrum of the investigated gas during the
passage of solar radiation through the entire thickness of the atmosphere
and then the computation of its concentration on the basis of this absorp-
tion. Therefore, the principal requirement on the point for measuring the
gas content in the atmosphere by the spectroscopic method is an adequate
number of sunny days.

A variant of the spectroscopic method, suitable for measuring the mean
vertical concentration of CO, a gas component of the atmosphere with a
concentration slightly varying with time, was proposed in [3]. The follow-
ing parameter 1s used as a characteristic depending on the CO2 concentra-
tion in a column of the atmosphere

_ N +T, '
Q= l21,1' (1)

where Ty 1s mean transmission in the absorption band of COp with its cen-
ter at 2,06 m; T1, T3 are the mean transmissions in specially selected
spectral intervals in the wings of this band.

Since the CO2 absorption band at 206 m under atmospheric conditions over-
laps with the absorption lines of water vapor, the width of each of these
three intervals was selected in such a way that the influence of water
vapor on the Q value is minimum. The dependence of Q on the CO2 concentra-
tion is computed by direct computations on an electronic computer using
the parameters of spectral lines in the band 2,06 om and real vertical
temperature and pressure profiles published in the literature. The carbon
dioxide is assumed to be uniformly mixed in the atmosphere, which when
computing the mean transmissions Ty (i = 1, 2, 3) in (1) is broken down
vertically into n temperature- and pressure~homogeneous layers with an
approximately equal air mass wp. In this case

Tt {ncxp[ menz,k,.m.v»]}- 2
i

where is the frequency of the center of the j-th COp line; k,(V}, '»3)
is the a%sorption coefficlent at the frequency yj, determined by the Lor=
entz line contour j in the n-th layer of the atmosphere, v is the frequency
at which monochromatic transmission is computed, §v= ¥y - Vp_; 1is the fre-
quency interval with which the monochromatic transmission is computed; A4
is the width of the i-~th spectral interval; C is the CO07 (in millionths by
volume); m is atmospheric mass.

The value of the mean vertical concentration of carbon dioxide C is then
determined from a comparison of the Qpeas value, obtained in the measure-
ment, with the calibration dependence Qeomp on the product Cp computed from
(1) and (2). 132
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The application of this method under field conditions [4] led to reduced
(understated) COp contents in the atmosphere in comparison with known data
from local measurements in air samples, which can be caused by errors in
the employed initial spectroscopic information and the peculiarities of the
selected computation procedure, :

2

A

Fig. 1. Optical diagram of laboratory apparatus (S -- radiation source; 31
- 37, 310 -- matching mirrors; 1, P — filter windows in cell; Aj, Az,
B ~~ cell mirrors; 39 = monochromator mirrors; D -- diffraction grating;
[T =~ radiation detector; BP -~ registry system, including amplifier with
synchronous detector, M is a modulator of radiation and generator of ref-
erence voltages for a synchronous detector. The figures 1-8 in the small
circles illustrate the successive path of the radiation with eightfold pas=-
sage.

In this study the dependence of the Q value on the concentration of carbon

- dioxide was found experimentally. For this purpose under laboratory condi-
tions with a controllable change in the C02 concentration we measured the
mean transmissions in the discriminated spectral intervals of the 2.06PLm
band and obtained ’'he Qex values. {experimental = ex or expl]

An optical diagram of the laboratory apparatus used in the experiments is
shown in Fig. 1. The principal elements of this apparatus are an optical
multipass cell [1], assembled in a White scheme, and a spectrometer with

an average resolution entering into the field spectral complex [2] for meas-
uring the CO, content in the atmosphere. As the source of the continuous
Spectrum we used a KGM-6, 6-200 incandescent lamp with a system of mirrors
1, matching the source with the cell 2. Three equifocus mirrors in the cell,
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- situated at the double focal length 50 m, make it possible to vary the op~-
tical length of the path from 0,2 to 2,0 km. The aperture angles of the
cell and monochromator 4 are matched with a system of mirrors 3. The mono-
chromator 4 with a diffraction grating with 300 lines/mm, the radiation de-
tector 5 with aPbS photoresiator and the recording unit 6 constitute a spec-
trometer with an average resolution. The optical multipase cell is supplied
with a vacuum system and is filled with the gases to be investigated,

Fig. 2. Dependence of Q value on content of carbon dioxide. 1) P = 1 atm;
2) P=0.,8 atmj; 3) P = 0.6 atmj 4) P = 0,4 atm

404
-a:'%
Qcomp
8§
0 L Il ] 1 Qcomp
) 2 J 2

Fig, 3. Dependence 4Q/Qcomp On Qcomp-
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The experiments were carried out in the following way. The predried carbon
dioxide was fed into a cell in which the residual pressure was 10~4 mm Hg.
Then dried nitrogen was fed into the cell. The CO; concentration was deter-
mined from the pressure, measured with an error of ~0,01 mm Hg, The experi-
ments were carried out at a constant temperature of 293°K, 'The transmission
gpectrum of CO2 in the band 2.06*Lm was measured with PCQM-O.ZS, 0.75, 1.04,
1,96, 2,66, 5.54 and 10.20 mm Hg, For each Pgoy value the nitrogen pressure
wag P = 0.4, 0.6, 0.8 and 1.0 atm successively with lengths of the optical
path 0.2, 0.6, 1,0 and 2,0 km, We registered a total of about 600 transmis-
sion spectra in the selected CO2 band 2,06 pbm with a resolution 3.5 em™1,
The error in determining the Qexpl value from these spectra from a unit
measurement did not exceed 1.5%. Each of the Q.1 values cited thereafter
was obtained as the mean of 4=5 spectrograms, registered under one and the
same conditlions,

In Fig. 2, for one and the same conditions, we compared the experimental
(dashed curves) and computed (solid curves) dependences of the Q value on
the CO2 content (w in centimeters at normal pressure). It can be seen that
for all the values of broadening pressure and any CO2 contents Quynj (ex-
perimental) is less than Quqpp (computed). Since the Qeomp values % a homo-
geneous laye® arc exaggerated at any general pressure, under field conditionms,
where when computing Qcomp the atmogphere is broken down into n homogeneous
layers with different pressures, the measured 002 concentrations are under-
stated. Therefore, in applying the method in the atmosphere the computed
calibration dependences must be refined on the basis of the results of lab-
oratory experiments,

An analysis of the data in Fig., 2 shows that with an error not greater than
1% the value A Q = Qcomp - Qexpl for a particular Qeomp for all values of
the broadening pressure can be considered constant, (As an example the not-
ed fact is explained in Fig. 2 for Q = 2). This means that within the limits
of the indicated accuracy the AQ value is determined only by the Q value,
independently of which change in the two physical parameters (quantity of
absorbent or broadening pressure) governed this Q value. Accordingly, the
dependence AQ/Qcomp on Qcomp, experimentally found and cited in Fig. 3,

can be used for correcting the computed calibration curves under conditions
of an inhomogeneous atmosphere. Naturally, the shape of the curve in Fig.

3 is dependent on the procedure of computation of the calibration dependences.

Examples of application of the results of laboratory experiments, especially
the curve in Fig. 3, when measuring the COp content in the atmosphere, are
given in Table 1, which gives the mean daily values of the mean vertical

CO07 concentration in the atmosphere on the basis of measurements in the
summer of 1977 in the Sary-Chelek reservation in the Tien Shan. The first
column gives the measurement days. The second column gives the CO2 concentra-
tions (Cj) obtained with the use only of the computed calibration curve. The
third column gives the COj concentrations (C2) obtained taking into account
the correction of the computation curve using data from laboratory experi-
ments.
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Table 1

Mean Daily Values of Mean Vertical Concentration of €O in the Atmosphere (ppm)

Hara
lnznepeuun G G
22 wionn 2808 325,1
9 27249 3277
27 281,2 316,0
30 268,2 3223
31 2779 332,7
2 asrycra 26%.'55 gm,a
18
7 264,7 322:\;
9 21,0 X
11 283,7 3274
13 265,1 323,6 .
16 242 | 3198
KEY:
1. Measurement date
2, July
3. August

The data in Table 1 show that the use of the computed calibration dependence
with correction on the basis of data from laboratory experiments consider-
ably increases the determined mean vertical CO; concentration, bringing it
close to 330 ppm -- the typical mean annual volume concentration of CO2 in
) the atmosphere, obtained at the present time in local measurements in air

samples.

In conclusion we note that the dependence AQ/Q comp °N Qcomps used for cor-
recting data from field measurements, can be somewhat refined thereafter
by means of toking the influence of humidity and temperature into account,
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UDC 551.515.1
ATMOSPHERIC INSTABILITY
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 6, Jun 79 pp 106~112

[Article by Candidate of Physical and Mathematical Sciences N. P. Shakina,
USSR Hydrometeorological Scientific Research Center, submitted for public-
ation 3 July 1978)

Abstract: The article gives a classification of
the principal types of atmospheric instability

in dependence on the forces determining the be-
havior of disturbances. The author describes

the energy sources, conditions for the initial
growth of disturbances and the development of
nonlinear regimes of stationary waves, vacil-
lations and irregular (turbulent) flow both in

the case of static instability (cellular convec-
tion) and in the case of hydrodynamic instability,
In the latter case the article gives the principal
patterns of development of Kelvin-Helmholtz in-
stability, barotropic, baroclinic (including "sym-
metric" and "geostrophic") and barotropic-baroclinic
instability.

[Text] The diversity of manifestations of instability of atmospheric currents
and its fundamental importance as a mechanism for the restructuring of the
fields of movements and exchange of energy between movements of different
scales gives rise to an undiminishing interest of theoreticians and experi-
menters in the problem of a loss of stability and an enormous number of pub-
lications in the scientific literature devoted to different aspects of this
problem. We will give only a brief description of the principal types of in-

- stability observed in the atmosphere and we will note the most important
results obtained by means of a theoretical investigation, numerical modeling
or by means of laboratory experiments.

The state of the system 1s considered unstable if it can substantially change
as a result of small effects. In other words, the disturbances introduced in
one way or another, whose energy is initially small, in an unstable system

138
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100090012-8



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100090012-8

FOR OFFICIAL USE ONLY

can increase, for this purpose drawing energy from the reserves present
within the system., As a result, the energy is redistributed (frequently

in this case it passee from one form to another), and a new state is es-
tablished. The products of instability of different classes of atmospherle
movements are cyclones und anticyclones, convective ciouds und so-called
clear-sky turbulence. At the same time we can mention processes of qualit-
ative transformations of atmospheric fields not assoclated with the reso-
lution of instability, for example, the appearance of horizontal tempera-
ture differences in some layer under the influence of solar heating and
transition of this layer to a new, baroclinic state; evidently, there is
no manifestation of instability, since this transition occurs under the
influence of an influx of considerable energy to the system, and not as a
result of the redistribution of energy within the system through the mech-
anism of an increase in magnitude of initially small disturbances.

The processes of loss of stability aud the initial stages of growth of un-
stable disturbances are usually studied by linear analysis with the fol-
lowing basic assumptions: 1) the disturbances are extremely small ("in-
finitely small") in amplitude ("infinitesimal"), and all their interac-
tions with one another, and also their influence on the initial main current
are negligible; only the effect of the main flow on the disturbances is of
importance; 2) the disturbances are represented in the form of a set of
harmonic components, and since the interactions are negligible, it is pos=-
sible to replace an analysis of the behavior of a disturbance of an ar-
bitrary form by an analysis of the behavior of all its wave components,
called "elementary waves" or also '"normal modes" of disturbances.

1f it is found that some of the elementary waves can increase in this main
flow, then the most rapidly growing wave is evidently of the greatest in-
terest: it will dominate in the process of development of the disturbances.
Accordingly, a linear analysis of stability includes the discrimination of
that class of conditions when there can be an increase in disturbances, the
finding of the indices of growth of unstable waves and the characteristics
of the most unstable wave.

Real disturbances have finite, not "infinitely small" amplitudes; neverthe-
less, a linear approximation is physically extremely informative. It can be
asserted that if this state is unstable according to linear theory, it is
also unstable relative to finite changes of the main flow (see [3]). At the
same time, it is impossible to consider linear analysis in all cases to be
adequate: states stable according to the linear theory can be unstable rela-
tive to finite disturbances [25].

When it is impossible to neglect all the interaction effects, in some inter-
val of amplitudes the disturbance can be considered "small, but finite."
This concept means physically that the energy of the disturbances remains
small in comparison with the energy of the main flow and nonlinear effects
only to a small degree distort the form of the wave. The curve of temporal
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change in the amplitude of small but finite disturbances dilffers greatly
from the exponential curve given by linear theory: the increase may be
slowed, with a tendency to emergence in a regular regime (the case of "soft
excitation") or still more rapid ("hard excitation"), When the energy of
the disturbances is not small in comparison with the energy of the main
flow a theoretical examination is difficult and the main means of investi-
gation are a laboratory experiment, and to a lesser degree == numerical
modeling. There are three principal highly nonlinear regimes [15]: two
regular -- a regime of stationary waves and a regime of "vacillations" --
and an irregular (turbulent) regime of unordered mixing (Fig. 1). "Vacil-
lations" or oscillations mean a periodic change in the wave characteristics
(amplitudes, forms or even wave number), The choice of the regime is deter-
mined by the parameters of the main flow.

A

Fig. 1. Characteristic records of fluctuations of temperature at fixed point
within a fluid in a rotating annular channel [15] for different types of
well-developed nonlinear regimes. 1-3) stationary waves; 4) vacillations of
amplitude; 5) irregular flow

Depending on which of the forces acting in the atmosphere determine the be-
havior of the disturbances, different types of instability can be distinguish-
ed. We will characterize them, adhering to Table 1; the greatest attention
will be devoted to hydrodynamic instability.

Static or convective instability in pure form, that is, outside the influ-
ence of the deflecting force of the earth's rotation and in the absence of
the mean wind, in a viscous medium leads to an increase in spatial-periodic
movements, drawing energy from the potential energy of the main flow. The
equation for the linear problem of ordered (cellular) convection includes
the Rayleigh number Ra, which is also the stability parameter. Beginning
with the work of Rayleigh (see [19]), in which it was found that in a layer
at rest the two- and three-dimensional modes have identical indices
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of growth and an identical critical Ca. The efforts of numerous researchers
have been directed to the study of cellular convection in the presence of
different modifying factors, In the presence of a mean wind with a vertical
shear, and also in the fleld of Coriolis force, the most unstable disturb-
ances are those in the form of "walls," elongated along the wind or along
the wind shear [2, 6, 19]. In both the laboratory and under atmespheric
conditions one can observe all three nonlinear regimes, developing after
the stage of a rapid initial growth of disturbances; in dependence on the
current parameters and on the Ra they can also be obtained by the numerical
modeling of convective activity in an unstable layer with upper and lower
rigid or free boundaries [2, 6, 18, 22].

If there is a stably stratified layer over a statically unstable layer, con-
vective movements can penetrate from the lower into the upper layer., Then,
under the influence of penetrating movements of the stationary cell type

the following vertical temperature profile is formed: an unstable layer .near
the earth, then a mixed layer, having the greatest thickness, with a strat-
ification close to neutral, and finally, the upper layer of the inversion
[24]. These results are an example of strong nonlinear interaction in a
regular regime.

We will mention still another recently forming direction, considering the
spiral cloud bands in tropical cyclones and in so-called thermal cyclones
of the middle latitudes to be the result of instability of flow in a cir-
cular eddy with a superadiabatic stratification [1, 10). The banded struc-
tures obtained in numerical models and having some characteristics of atmo-
spheric fronts no longer represent primarily convective movements, since
they also exist when there is a neutral or a slightly stable stratifica-
tion [41] as a manifestation of barotropic instability.

lydrodynamic instability, whose cause is the peculiarities of distribution
of the velocity of the main flow, outside the additional influences of
Corlolis force and buoyancy force, is observed in laboratory apparatus with
a thermally homogeneous fluid; in the atmosphere close conditions are pos-
sible in the boundary layers for small-scale movements. The energy source
for growing disturbances in a hydrodynamically unstable medium is the kin-
etic energy of the main flow; if it is distributed in such a way that the
vorticity changes monotonically across the flow, then the latter is stable
(Rayleigh theorem [3]). If the flow is stably stratified (Y<Y,), the buoy-
ancy force in it is a stabilizing factor; however, a nonuniform velocity
distribution can cause an increase of disturbances and the latter, drawing
energy from the kinetic energy of the main flow, will expend part of its
work against the buoyancy force. A parameter of this type of instability --
Kelvin-Helmholtz instability -- is the Richardson number Ri, measuring the
ratio of the buoyancy force to the inertial force. During the last 15-20
years this type of instability has been intensively studied. It has been
established that with Ri<1/4 there is instability in a linear approxima-
tion for an interval of wavelengths dependent on Ri and the forms of the
wind and temperature profiles in the main flow [4, 26]. In the approxima-
tion of small but finite amplitudes the numerical solutions indicate the
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possibility of stability loss with Ri values greater than 1/4 and dependent
on the amplitude of the disturbance [25], and in addition, the possibility
of development of both regular and turbulent regimes [4]; laboratory ex-
periments [39] and observations in the atmosphere show that Kelvin-Helm-
holtz instability virtually always leads to the appearance of turbulence.

Instability of this type is the prinecipal mechanism of the appearance of tur-
bulent layers or moving spots in the free atmosphere; it regulates the
sharpness of fronts and the degree of wind shears by the inclusion of tur-
bulent exchange [8].

Barotropic instability, that is, a type of instability in the field of Cor=-
iolis force when the energy source of the disturbances is the kinetic en-
ergy of the main flow, is examined most conveniently when in the main flow
there are no reserves of available potential energy (the potential air tem=-
perature does not change vertically or horizontally). In the simplest form

. barotropic instability is considered as the instability of zonal flow in
which velocity is dependent on latitude.

The barotropic stability criterion is given by the :'» theorem [3]: 1if the
potential eddy is monotonically dependent on latitude. the flow is stable.
In general, the westerly zonal flow in the middle and nigh latitudes is
barotropically stable, that 1s, the mean annual, seas'tal and mean monthly

_ fields of the zonal wind are stable [33]. However, in specific situations
or over individual parts of the hemisphere conditions of barotropic instab-
ility can arise [23].

Barotropic instability in the tropics, where there is easterly transfer in

the troposphere, is studied in connection with disturbances in the Trade

Wind zone; in some cases these develop into typhoons. The averaged easterly
flow in the tropics is only slightly unstable [32], but in specific cases

the instability can be strong; the properties of unstable waves in the easter-
ly flow have a number of differences from the case of westerly transfer.

In the case of baroclinic instability the disturbances draw energy from the
avallable potential energy of the main flow, on which the Coriolis force
acts; the reserve of available potential energy of the main flow is deter-
mined by {its horizontal thermal inhomogeneity. This type of instability has
another, less commonly used name -~ "sloping convection" [15]; it indicates
the physical content of processes transpiring during the resolution of baro-
clinic instability. The Coriolis force is an obstacle to the development of
simple "overturning" movements in the meridional plane which would indirect-
ly even out the meridional temperature differences and causes a special form
of movements primarily in the horizontal plane.

Symmetric instability, or "axially symmetric instability," received its name
because in laboratory experiments with rotating annular vessels it leads to
the development of movements symmetric relative to the axis of rotation.
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Table 1

Principal Types of Instability of Atmospheric Movements (Y-—- Vertical Tem-
perature Gradient in Main Flow, Y, == Dry-Adiabatic Gradient, u =~ Velocity
of the Main Flow; the x, y Axes are Horizontal, z -- Vertical)

1 Cratuye
eKan Neye
Tofuy. 2 11, Tuapoaunamnueckdn teyeroitunnocts
BOCTY U=u(x, y, 2)
T =1l
1 BpauLithe 3eman 4 bpatllenite 3emain cylitectsenno
3 apencOpexnso
Gapoxaunkan  weycrofun.
coﬁcrnunuos i BOCTb (eMARAGHHAR KoM- 9
runpoauia. 2| MeYCTOND loonsroonua,l  BeKi) u=u(2) g |6apotpono-
- Mitieexan | BOCTb Kedbe [oyerofuy. Gapokaiunan
Heyctoiinit. | Bitta— BOCTb acitMmeTpity. | Meyctonuus
BOCTD CALMrOALA | .y (y, y) et [wan (ercocr-|  Bocts
T—y=0 | Ta—Y>0 Has neyctoR-| poduue.  |u=H(x, y. 2)
u==u(2) u=u(z) UMBOCTE | CKana) ie-
yeroftunsocts!
IT
KEY:
1. Statistical instability
2, Hydrodynamic instability
! 3. Earth's rotation negligible
4, Earth's rotation significant
5. Strictly hydrodynamic instability
6. Kelvin-Helmholtz instability
7. Barotropic instability
8. Baroclinic instability ("sloping convection")
9. Barotropic-baroclinic instability
10. Symmetric instability
11. Asymmetric ("geostrophic'") instability

For example, assume that the outer wall of the annular channel is warmer
than the inner wall. In the absence of rotation in the channel ordinary con-
vection will develop (of the breeze circulation type) with a circulation ring
in the vertical plane. But in a rotating channel the vertical movements are
suppressed; the vertical velocities of the particles are small in comparison
with the horizontal velocities and the meridional velocities are small in
comparison with the zonal velocities, so that the wind approaches geo-
stropic. Therefore, symmetric disturbances as a heat transfer mechanism are
ineffective; they almost do not decrease.the available potential energy of
the system. Because of this circumstance symmetric instability is frequently
characterized as "barotropic" instability in a baroclinic system [37]. An
example of symmetric movements on a planetary scale is Hadley circulationm,
which, as is well known, is discovered in the earth's atmosphere only in
climatic mean fields of motion. On some other planets (for example on Jup-
iter) the symmetric circulations are dominant.
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The theoretical problem of the conditions for the predominance of sym~
metric or asymmetric instability was examined in (37] in the example of

the well=known Eady model [11]): the main zonal flow has a linear vertical
profile and falls between two horizontal walls, In such a formulation the
only parameter of the problem is the RL numbar; the Rossby number does not
enter explicitly into the equation of the problem and is actually fixed.
According to [37], asymmetric baroclinic instability dominates when Ri >
0.95, symmetric instability dominates when 1/4 <Ri< 0.95, and Kelvin-Helm-
holtz instability dominates when Ri<1/4, The effects of nonhydrostaticity,
the carth's sphericity, viscous and nonadiabatic effects were later includ-
ed [16, 38]. Experimental data (Fig., 2) indicate that with an increase in
the velocity of rotation, when the Coriolis force more and more suppresses
vertical movements, the symmetric regimes lose stability and are destroyed,
being replaced by baroclinic waves,

2
NG, N
CummempuansiNEy-

e

Cummempuy-
wud pemun
- 1

70'-’ [ S 1
1 10’ 10° 0

Fig. 2. Regime diagram showing dependence of predominant mode of baroclinic-
ally unstable disturbances and types of nonlinear regimes [15] on the square
of angular velocity SV of rotation of annular channel and on the parameter

" Rdlptlg) — ,(rb)ll.,l-(,aira + T 0= a)?,

where g 1s the acceleration of free falling, d is the depth of the fluid,
a, b are the internal and external radii of the ring, f)=‘/9 (T) is fluid
density.

KEY:
1. Symmetric regime
2., Asymmetric regular regimes
3. Irregular regime
4, rad4/sec
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In the earth's utmosphere the conditions for symmetric instability are cre-
ated with inadequately large Ro; this type of instability has been studied
recently in connection with mesoscale processes in zones of atmospheric
fronts [7, 13, 29]; Langmuir circulations in the ocean are related to it
[13]. A linear examination shows that symmetric instability ensures the
initial rates of growth of disturbances adequate for the appearance of bands
of clouds and precipitation in frontal zones; only the first results have
been obtained along the lines of numerical modeling of nonlinear regimes,
It was found [7] that the mechanism of symmetric instability of moist-sat~
urated alr, in which ascent occurs in accordance with the moist adiabatic
law and subsidence occurs in accordance with the dry adiabatic law, is cap-
able in a steady nonlinear regime of forming bands of adequately intensive
ascending movements; in a "dry" model [29] the development of symmetric
Instability is inhibited by nonlinear effects and the resultant stationary
circulations remain weak.

Asymmetric or 'geostrophic" instability ("instability of baroclinic waves")
develops at small Rossby numbers; in this case mixing occurs by waves in
the horizontal plane and eddies with vertical axes.

In addition to the widely known study by Eady cited above [11], in which
the Coriolis force was considered constant, the linear problem of baroclin-
ic instability was initially investigated by Charny [9] in a jB —-approxim-
ation (the instability criterion was obtained and the shape of the neutral
curve was indicated approximately). Then H. L. Kuo [20], in essence in this
,same formulatfon, investigated the dependence of the indices of growth and
_ phase velocities of unstable waves on the parameters of the problem and stud-
ied the structure of the most unstable wave (with a length of about 3,500
km). Green [14], in addition to the relatively short and growing waves
(doubling time of the order of a day) discovered by Charny and Kuo, discov-
ered instability of longer, slowly growing waves. The principal result of
the linear examination, which in addition to the mentioned studies, was
and is being made by numerous authors in different variants of formulation
of the problem (among the recent studies, see [27]),1s that almost any main
state characteristic for the atmosphere is unstable in a broad range of
wavelengths; unstable waves transport heat to the north and transport mo-
mentum downward and reveal a number of properties characteristic for atmo-
spheric eddies.

Effects of a finite amplitude in the case of baroclinic instability are be-
ing studied by means of numerical modeling and laboratory experiments; re-
cently, in addition, there has been an increase in the importance of studies
in which the energy budget of atmospheric movements is computed on the basis
of observational data. All three types of well-developed nonlinear regimes
have been discovered in baroclinic waves with different parameters of the
main flow [15, 35]. Nonlinear exchange leads to the transport of properties
(heat, momentum) against the gradients, as a result of which frontal zones
and jet streams are formed in baroclinic waves [28, 40]. Nonlinear effects
slow or accelerate the growth of unstable waves (as a result, the dimen-~
sions of the disturbances dominating in nonlinear regimes can differ from
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the most unstable wave according to linear theory [36]) and cause the
transfer of energy in the spectrum of atmospheric baroclinic waves ——

from some intermediate scale (at which the energy passes from the mean
flow to the disturbances) to larger and lesser scales [40]. The role of
nonlinear effects is especially great under conditions of regular regimes
[15]. This result is interesting from the point of view of the problem of
predictability of atmospheric movements, since in its consideration it 1s
usually assumed that with an increase in nonlinearity there 1s also an in-
crease in irregularity, approaching the turbulence stage.

B = high
H = low

Fig. 3. Results of numerical modeling of growth of baroclinically unstable
wave (time of doubling of amplitude 32 hours) in zonal barotropically stable
jetlike flow [28]. a, b) field of surface pressure; c, d) buoyancy field

A '/3, where ' is the temperature deviation; a, ¢ -- initial field, t =
0; b, d -~ solution of total equations at time t = 96 hours.

Regular regimes (stationary waves and vacillations) to a high degree are
characteristic for the largest (planetary) scales of atmospheric movements;
an irregular regime ("geostrophic turbulence") is more characteristic of
movements of a synoptic scale: the elements of '"geostrophic turbulence" are
middle-latitude cyclones and anticyclones., Their initial growth occurs at
the expense of the available potential energy of the main flow, whereas

the further development is determined, in addition, by nonlinear interac-
tions (21, 40].

Modern numerical solutions of the problems of nonlinear development of baro-
clinic waves differ with respect to the complexity of formulation of the
problem, taking into account nongeostrophicity [28], release of the heat

of condensation [12], horizontal and vertical inhomogeneity [28, 33].
However, the life cycle of cyclones and anticyclones can be traced only
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In the stages of growth and deepenitg, up to the preceding occlusion of
the deformation of the warm sector of the ecyclone [17, 28], Recently it
hag been possible to describe numerlcally some regular nonlinear regimes
[30, 34]

Baroelinie-barotropic instability, that is, the instability of currents with
horizontal velocity and temperature pradients, is a more general case in
comparison with the two considered above, Specifically this "combined"
instability s most characteristic for movements of synoptic scales in the
middle latitudes; this is confirmed as well by budget computations [21, 40]
and the conclusions of numerical modeling, in particular, the fact that

some important characteristics of the structure of atmospheric eddies (for
example, fronts in cyclones) can be reproduced only when taking into account
both vertical and horizontal inhomogeneity of the wind field (Fig., 3)., High-
altitude frontal zones in the atmosphere, whose manifestation of instability
1s large-scale cyclogenesis, and also fronts of the lower half of the tropo-
sphere, on which frontal cyclones develop, are precisely characterized simul-
tancously by a high baroclinicity and great horizontal wind gradients, and
with the development of instability in these reglons of the atmosphere there
{s a complex Interaction between the baroclinic and barotropic mechanisms of
energy transfer, The results of studies of numerical modeling of baroclinic-
barotropic instability, in particular those studies in which atmospheric
fronts are interpreted as discontinuities, were presented in the review {5]);
among the recent publications not included in [5] we note [31].

The cited classification of types of instability makes no pretense at com-

pleteness, nor does the presented brief analysis of the status of investiga=-
tions in individual directions; however, the considered types of instability
are nevertheless fundamental for a broad class of atmospheric movements. All
the most important atmospheric processes, constituting the subject of dynamic

and synoptic meteorology -- cyclogenesis, frontogenesis, life cycle of pres-
sure formations of planetary and synoptic scales, processes of cloud and pre-
cipltation formation, genesis and development of jet streams -- are in one

way or another related to instability (that is, either directly to the
growth of unstable disturbances, or to the processes of their interaction
with the environment and one another). The problems in instability of at-
mospheric processes are now central in meteorology and are attracting the
greatest attention, Although there are still many unsolved or inadequately
studied problems, the achievements from instability theory during the last
10-20 years undoubtedly are extremely significant and a whole series of
results is of fundamental importance both for understanding the mechanisms
of atmospheric processes and for the ideology and method of further invest-
igations.,

The author expresses appreciation to Ye. M. Dobryshman for useful discussion.
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UDC 551.509(73)

OPERATIONAL SYSTEM FOR NUMERICAL WEATHER ANALYSIS AND FORECASTING AT THE
UNITED STATES NATIONAL METEOROLOGICAL CENTER

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 6, Jun 79 pp 113-119

[Article by V, A. Antsypovich and Candidate of Physical and Mathematical
Sciences S, 0, Krichak, USSR Hydrometeorological Scientific Research Cen-
ter, submitted for publication 3 November 1978]

Abstract: The article examines the principal

- elements of the operational system for data
processing at the United States National Meteor-
ological Center, beginning with the stage of re-
ception of data to the dissemination of prognostic
data to users. The rational elements of the dis-
cussed system are noted. The authors discuss the
peculiarities of organization of routine work at
the NMC, the problems involved in the reception
and processing of data on electronic computers
at the US NMC, assimilation of data in the data
processing system, routine numerical prediction
of meteorological elements and use of results of
numerical forecasts.

[Text] During the period November-December 1977, within the framework of
the bilateral exchange of specialists on data processing and the hydrody-
namic forecasting of meteorological elements, the authors of this article
were sent to the National Meteorological Center (NMC) in the United States,
= Later, during January-February 1978, the USSR Hydrometeorological Center
was visited by specialists from the US NMC J. B. Hovermale and J., G, Sela.
In the course of both the assignments there was discussion of different as-
pects of the problem of preparation and use of meteorological forecasts
within the framework of an automated system for the processing of meteor-
ological data. The problems involved in monitoring, objective analysis
and hydrodynamic forecasting of meteorological elements under conditions of

routine work were considered in particular detail.

Below we describe some of the principal elements of the operational data pro-
cessing system at the US NMC, beginning with the stage of data reception and
through the dissemination of prognostic data to users.
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Due to the fact that the problems involved in the organization of work at
the NMC and comparison of the quality of forecasts using different models
have been repeatedly discussed earlier [2-5], in this article emphasis is
on parts of the system not discussed earlier.

I. Reception and Processing of Data on Computers at the US NMC

The computation complex (CC) at the US NMC is structured for the most part
on the basis of 1BM computers [6]. This complex can logically be broken
down into three principal levels:

Level I == the level of work with communication channels (represented by
minicomputers of the type INTERDATA-50 and units operating with terminals
of the type IBM 2701, 2702, 2709, 2908);

Level II -- ensuring reception of data, recognizing types of communications
and preparation of information for subsequent processing; this level en-
sures a '"man-computer" dialogue; this level is based on a computer of the
type IBM 360/40, which with respect to such a characteristic as the memory
cycle corresponds to the computers YeS 1040 and IBM 360/30;

Level II1 -- the principal computer used in decoding information, its stor=-
age, checking, objective analysis, prediction and computer processing for
supporting scientific research; this level is based on use of an IBM 360/195
electronic computer. In constructing the CC special attention is devoted to
the problems of clear discrimination of the work done by the individual com-
puters in the complex, the reliability of functioning and the most complete
use of standard mathematical support.

The US NMC, together with other establishments under the authority of NOAA,
uses the services of the NOAA computation center. The computation center
(CC) 1is outfitted with three IBM 360/195 computers. (Speed 10-15 million
operations per second). According to approximate estimates, the NMC uses
56% of the capacity of the CC processors and 117 of the direct storage
memory on magnetic disks.

For the purpose of obtaining and disseminating data the US NMC uses four
high- (2,400 bits/sec), 43 medium-(1,050 bits/sec) and low-(100 baud) speed
internal channels together with three high-~ (2,400 bits/sec) and 21 low-
(600-100 baud) speed WMO channels. In addition, for the dissemination of
graphic information there are 15 facsimile and seven digital channels
(duplex, 4.8 KHz-2.50 KHz - 5).

The success of the operational-prognostic operation of the US NMC is ensured
to a great extent by use of the "man-computer" operational dialogue (Man-
Machine Mix).

The Man-Machine Mix regime can be functionally divided into three levels,
In the first level there is revision and correction of the headings of the
summaries which have arrived at the NMC with distortions. In the course of
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one shift a specialist responsible for the quality of the communication in=-
spects up to 650 headings of summaries not comprehended by the system,

In the second level of the man-machine mix regime there is monitoring and

correction of aerological information. In order to detect errors in aero-

loglcal communications there is an analysis of the arriving aerologlcal

communications for syntax, accomplished by the weather analyst from the

printout and the drafting of maps by the weathermen using data plotted by
- means of computer,

At the third level of the man-machine mix regime information is supplied
for regions covered by few observations. This supplementation (described
in detail below) is accomplished for the earth's surface and for the level
250 mb by means of transfer of the coordinates of isoline points from maps
drafted by the weatherman onto punched cards using an automatic device and
subsequent input of these data into electronic computers,

At this level the man-machine mix makes it possible to have output of digit-
al information onto the display screen at the weatherman's request, The
weatherman has at his disposal data from aerological sounding for the last
observation period at any station and for a definite set of stations ==

data on the state of the weather during the last few days, Work is also
done on the automatic formulation of forecasting texts on the basis of the
results of numerical computations,

2, Data Assimilation in the NMC Data Processing System

In routine analysis and forecasting provision is made for the following types
of initial information [13]:
-- communications from surface meteorological observations by land stations,
-- communications on meteorological observations from ships,
— radiosonde, pilot balloon and rawin observations from ships and land sta-
tions,
-~ communications from aircraft,
-- "artificlal" data prepared manually in a man-machine mix regime,

- -— estimates of wind direction and velocity using photographs of cloud cover
from satellites,
-- data from remote sounding of the atmosphere from meteorological satellites.

Information on the number of received communications of different types at
different surfaces i1s accumulated in a special archives and is routinely
analyzed for the purpose of clarifying the reasons for loss of information.

Now we will discuss in greater detail the procedures used by the weatherman
in preparing additional information for the purposes of objective analysis
and forecasting, In this exposition we will emphasize the specific work
conditions existing in the preparation of information for analysis and fore-
casting over a limited territory using data for 1200 hours on 5 December
1977 (GMT), which took place in our presence. Objective analysis for fore-
casting for a limited territory is accomplished using a scheme based on the
successive approximations method [1, 12].
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In the course of reception and processing of observational data there is

a printout of maps with automaticelly plotted data arriving by a specific
moment of observations., The great rate of representation of data by units
of the VARIAN type makes it possible to print out maps with data sev-

eral times in the course of one data reception session (30-60 sec per map).

The plotting and analysis of these maps is accomplished by the on~duty spec-
ialists on transparent film, beneath which, as they appear, are laid new maps
with plotted data, In the course of the subjective analysis of pressure maps
at sea level and at the ATy50 surface (where the greatest number of data
from aircraft wind observations AEREP, ASDAR, are assigned to the closest
standard surface) there 1s rejection and correction of data present in the
electronic computer,

By the end of the data reception session for a regional forecast (0130 hours
after the observation time) there is accumulation of a considerable number
of communications with the results of meteorological observations. For ex-
ample, in the course of the described session of 5 December 1977 there was
reception of 87 communications with data from remote satellite sounding,

289 communications with data from rawin and radiosonde soundings, 216 com-
munications with data from aircraft and 201 communications with estimates
of wind direction and velocity from photographs of cloud cover from satel-
lites.

In addition to the subjective analysis carried out on the basis of newly ar-
riving data, the man-machine mix duty specialists also have prognostic iso-
lines plotted on transparent film with data for the preceding observation
period and actual maps for the preceding time,

In accordance with the objective analysis method used at the NMC, the re-
sults of the forecast for the current analysis time serve as first-approx-
imation fields in the interpolation of newly arriving data at grid points
of intersection. This ensures an increase in the successive character of
the results of objective analysis from time to time,

The use of the man-machine mix method makes it possible, in the preparation
of data for forecasting purposes, to take into account quite simply those .
types of information which by virtue of different factors is not used in

an automated processing line. At the same time, the man-machine mix regime
ensures a decrease in the influence of errors in the first-approximation
fields on the analytical results: in those regions where in the opinion of
the duty specialist the first-approximation fields at the earth's surface

and at the AT250 surface differ greatly from the manually analyzed actual
maps there will be an input of additional data in the form of communications
from fictitious stations. This procedure is carried out by means of the auto-
matic punching of the coordinates of isoline points on punch cards. Depending
on the situation and the weatherman's intuition, at one surface there is for-
mation of between 200 and 400 communications from fictitious stations. The
preparation of such a quantity of additional data takes only a few minutes.
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After carrying out an objective analysis of AT1000 and ATy50 in accordance
with the adopted method [12] there is scaling of the first-approximation
field for the next surface to be analyzed in order to maintain the static
stabllity of the vertical temperature profile. Upon completion of the an-
alysis at the particular surface the first-approximation field is scaled
for the next in the adopted sequence, etc.

In accordance with [12], we will examine the procedure used for the scaling
of the first-approximation fields.

Assume that at the grid points we have the results of prediction of AT700,
AT500 and AT1000 and the values obtained after computing the objective
analysis, taking into account the additional data Héoo, H%OOO and it is
necessary to determine the first-approximation values H 00+

In accordance with the equation of statics

oH
am = G (1)

where TT = (P/1000)2/7; the remaining notations are those generally accepted.

We will write the following equation for the predicted values:

}',m)—Hm - Hqun—Hw\ . 500 a300y . (2)
Moo =Ty Mam— g Cp (Va0 =00 = Siiee

Here TTN = T when p=N mb,'ﬂ gi is the potential temperature of the Nj-Np
layer.

The 81888 value characterizes the prognostic stability of the layer 1000~
300 mb. Writing a similar equation for the results of the first-approxima-
tion computation and using the 81888 value computed earlier on the basis
of predicted data, we find that

Hoo = 0,883 1l + 0,617 13, + Sho 3
In a similar way there is computation of the first-approximation values for
the remaining surfaces. (We note that over a long period of time the prepar-
ation of additional data was not for the ATy50 level, but for AT300. The
following sequence of computation of analyses was used for different sur—
faces: 1000, 300, 500, 700, 850, 400, 200, 250, 100, 150 mb).

"Artificial" data are being prepared at the NMC not only for geopotential,
but also for the temperature and humidity fields. In the case of the humid-
ity fields particular attention is devoted to the use of data from meteor-
ological observations of cloud cover and photographs of cloud cover from
meteorological satellites. Depending on the category of cloud cover in a
specific region the values of relative humidity in the troposphere are
formed.
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Also subject to correctlon are data from radlosonde observations in the
stratosphere, Here the results of temperature and geopotential measure-
ments are corrected for the purpose of eliminating radiation errors at

- the ATygg surface and above., In these computations allowance is made for
the type of radiosonde used at each specific station. The importance of
carrying out such a correction is also confirmed by work practice in other
countries,

The temperature fields of the sea surface are computed using data from re-
mote sounding from satellites {7].

At the NMC great attention is being devoted to the organization of a sys-
tem for the assimilation of diverse information. In addition to the pure-
ly operational requirements the developed system takes into account the
need for solving the problems of storage of level-II data in the course
of the Global Experiment GARP, By the beginning of the experiment plans
call for the following configuration of the data assimilation system [14,
15].

The global prognostic model [23] ensures computation of forecasts using
data accumulated with the maximum possible cutoff times (cessation of
the collection of data after the observation time)., For the observation
times 0000 and 1200 hours (here and in the text which follows, GMT) the

- cutoff time is 11 hours, for the times 0600 and 1800 hours -- 16 hours.
A1l the types of data received in the interval +3 hours from the observa-
tion time are assigned to this time and are used in objective analysis.
Thus, the following six~hour data assimilation cycle exists.

1. Objective analysis 1s carried out using data at 0600 (1800) hours 16
hours after the observation time.

2. A forecast for six hours in advance (to the time 1200 (0000) hours) is
computed.

3. OBjective analysis 1is carried out using data at 1200 (0000) hours, 11
hours after the observation time. The first-approximation field here was
obtained as a result of satisfaction of point 2.

4. A forecast is computed for 12 hours in advance to the next main observ-
ation time 0000 (1200) hours.

The pressure, geopotential, wind, humidity and temperature fields are sub-
jected to objective analysis at the NMC. Plans call for organizing work
for the assimilation of data on the basis of the global spectral model

developed by J. Sela [17].

At the present time a method based on the interpolation of assimilable
data, using a spectral model of global objective analysis, is routinely
used at the NMC. A new version of the system is in the testing stage. The
optimum interpolation method [1, 14] 1s used here for computing the values
at the grid points of intersection at the computation surfaces in the prog-
nostic model. The grid interval in the interpolation is 5°. Then, using
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spectral analysis, the values of the meteorologleal elements are deter=
mined in o geid with an interval of 2,5°,

The use of such an approach casily makes it possible to take into aceount
4 the different level of errors in measurement dava in different observation
systems,

The results of global forecasts for 0000 (1200) hours using data at 1200
(0000) are used in objective analysis computations [8) for the NMC routine
hemispheric model, The first-approximation fields for objective analysis
[12] for a regional model come from the preceding hemispheric forecast.

3. Routine Numerical Forecasting of Meteorological Elements

Adhering to [20], we will briefly examine the prinecipal stages in work for
the routine hydrodynamic forecasting of meteorological elements at the NMC,
Ay data are received 1 hour 15 minutes, 1 hour 30 minutes and 4 hours after
the observation time, computations begin for a barotropic hemispheric (cut-
off time 1 hour 15 minutes, interval 381 km at 60°N) and baroclinic (re-
glonal and hemispheric) models, The observation times for stations in the
territory of North America, communications from which have not been re-
celved at the NMC in the course of 1 hour 30 minutes after the observation
time, can be shifted to an earlier time up to one hour. Thus, for such sta-
tions the cutoff time is actually 2-2.5 hours,

The NMC regional model [9, 10] (79 x 67 points, grid interval 127 km at
60°N, cutoff time 1 hour 30 minutes), like the hemispheric model [22],

1s based on solution of the full equations of hydrodynamics in a quasi~
static approximation. The use of a ¢'-system makes it possible to take
into account the influence of orography and actual data on pressure in
the tropopause. Extremely simple computation methods for taking into ac-
count the principal nonadiabatic effects to an adequate degree ensure the
energy balance of the system in the forecast. We should mention the spec-
ial care in using the methods of finite-difference approximation of equa~-
tions and spatial-temporal filtering.

This model, at the boundaries of the forecasting region, uses the results

of compuitations for a hemispheric model on the basis of data for the pre-

ceding time (one-sided interaction of models) [19]. The computation of the
forecast is made for a time up to 48 hours,

In those cases when it is necessary to compute a forecast of movement of

a tropical cyclone or precipitation associated with a cyclonic formation
developing over the United States use is made of a model with a moving

grid [11, 16] (cutoff time 7 hours 30 minutes, 50 x 50 points, grid inter-
val 60 km, advance time of forecast 48 hours). This model belongs to the
type of regional models with one-sided interaction of grids. Here provision
is made for the programmed possibility, in the course of the calculations,
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of effecting the movement of the northern hemlsphere forecasting region,
This possibility 1s used effectively in predicting the movement of trop-
1lcal cyclones. The time-variable conditions at the boundary of the fore-
casting reglon are determined using the results of prognostic computations
using a hemispheric or regional model. During the eight months preceding
April 1977 routine computations using this model were carried out 40 times,

Routine forecasts of meteorological elements over the northern hemisphere
are made using a hemispheric seven-layer baroclinic model using full equa-
tions in a O=-coordinate system [22] (cutoff time 4 hours, 129 x 129
points, grid interval 190.5 km at 60°N. Advance time of forecast up to

84 hours). The model became operational in January 1978. Like the regional
model, it is a result of development of the Shuman-Hovermale model [21],

In contrast to the regional model [10], in this case there is no isentropic
layer near the upper boundary of the atmospheric model. A condition of the
"equator" type is stipulated at the lateral boundaries of the forecasting
region. In order to ensure stability in computations, the actual fields near
the boundary of the forecasting reglon are subjected to special processing
for the purpose of eliminating the relatively small-scale formations in
this region.

Beginning in 1978, three times a week, using the L. Vanderman model [24]

(interval 3.75°, cutoff time 10 hours), there has been routine preparation
of forecasts up to 16 days with printout, in deviations from the norm, of
the results of prediction of temperature and precipitation, averaged for

five days, for the third, eighth and thirteenth days.

Also prepared for routine use is a model with two-sided interaction of
grids of different resolution, developed by N. A. Phillips, et al. [17].
Here the prediction is made simultaneously in three grids, in each fore-
casting interval interacting with one another. In the model there are
8-10 layers, the extent of the region is 2,500 x 2,500 km, and the grid
interval is 448, 224 and 112 km.

The results of routine forecasts made using hydrodynamic models are trans-
- mitted to NMC forecasters and to the network. For example, in the form
of plotted maps there is dissemination of data on the predicted geopoten-
tial fields at the levels from 1,000 to 100 mb, the fields of wind velocity
and temperature at these same levels, dew point temperature at levels from
1,000 to 100 mb, vertical velocity at levels from 1,000 to 400 mb and at
200 mb, pressure and temperature at the tropopause, absolute vorticity at
the level 500 mb, stream function field at the level 500 mb, mean (for
three layers) relative humidity, relative humidity in the three lower
layers of the model, precipitation after 6§ and 12 hours, pressure at sea
level, temperature, wind and vertical velocity in the three lower layers
of the model. In addition, the weatherman has the results of a statistical
interpretation of the forecasting results [4].

The data used in the US NMC routine processing system is stored in archives
of different categories.
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The Initial information received through the communication channels 1s put
into sets of data by types of communications, where it is stored in the
course of the day.

The working archives (for 36 days for two observation times) on magnetic
disks contains the fields of global objective analysis and prognostic
fields computed using hemispheric and regional operational models. This
archives, each 31 days, 1s copled on magnetic tapes (62 magnetic tapes
with a density of registry 1,600 bytes/inch).

In addition, an archives is organized on magnetic tapes with a storage per-
lod of one year. It contains selected filelds of the monthly archives and
the types of initial information used in routine work.

This archives is on 119 magnetic tapes with a density of 1,600 bytes/inch,
Each year this archives is sent to the US National Climatological Center.
4, Use of Results of Numerical Forecasts of Meteorological Elements

An obligatory stage accompanying the introduction of any element of the sys-
tem into routine work is the publication of information on the moderniza-
tion to be carried out and the time it is to be put into operation in a
publication of the US Weather Service —- the NOAA TECHNICAL PROCEDURES
BULLETIN. Thus, speclalists always have the possibility of evaluating the
actual effectiveness of each innovation and of participating in the develop-~
ment of the processing system. At the NMC great attention is being devoted
to an analysis of the commentaries and recommendations of users., It is not-
ed that such cooperation of service speclalists is a powerful means for in-
creasing the effectiveness of the routine processing system.

In the course of routine work there was accumulation of information on the
principal characteristics of success of forecasts using NMC models.

For example, source [18] gives the following peculiarities of the models
in routine use up to mid-1977 (hemispheric model: interval 381 km at 60°N,
six layers; regional model: interval 190.5 km at 60°N, six layers):
Barotropic model

a) The results of the forecasts are quite successful. The new 1l2~hour fore-
casts are usually more successful than forecasts computed for 24 hours in
advance at the same time,

b) The most successful forecasts are near the latitude of the polar jet
stream.

c¢) The forecasts are more successful than hemlspheric models using a baro-
clinic model for determining the movement of cyclones developing over the
southwestern United States and beginning to move in a northerly direction.
d) Usually there is a slowing of the movement of troughs over the southern
United States.
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Six-layer hemispheric model
a) In the course of interpolation on a O’-surface in some cases there is
a loss of up to 30% of eddy kinetic and eddy available potential energy
in the initial filelds.
* b) The development of isolated cyclones over the southwestern United

States 1s successfully predicted.
¢) The most successful forecast is for waves with the numbers 7 and 8 (that
is, processes of a synoptic-subsynoptic scale). '
d) Cyclogenesis at the surface is predicted with systematic delay.,
e) Movement of small-scale formations at latitudes where the polar jet
stream is located is delayed.
£) A forecast of the amplitude of ridges at the 500-mb level is not always
successful,
g) In cases when there is cyclogenesis at the surface and isolation of a cy=-
clone over the southwestern United States with its subsequent movement to

- the north there is a tendency to a slowing of movement of the center at the
500-mb level. The prediction of pressure at the earth's surface is complete-
ly successful,

Six-layer reglonal model

In comparison with a hemispheric model, forecasts for a region have the fol-
lowing advantages:

a) There 1is better prediction of the velocity of movement of short waves,

b) Errors of the type (g) for a hemispheric forecast are manifested here

to a lesser degree.

c) There is better prediction of all stages of cyclogenesis at the underly-
ing surface.

d) There is better prediction of the movement of cyclones on the underlying
surface,

All models are characterized by a lesser success of forecasts over the west-
ern United States and Alaska; this is attributable to inadequate data cover~
age for the Pacific Ocean area.

Such information on the success of forecasts using different models is ac-
tively employed by the users of HMC forecasts, who, depending on the sit~
uvatton, trust the results of forecasts based on a specific model to a greater
or lesser degree. However, in general, according to unofficial evaluations
of NMC specialists, in the compilation of short-range weather forecasting
charts the weatherman trusts the numerical forecasting result at the 95%
level, In the preparation of forecasts for a time greater than three days
the contribution of the weatherman increases to 30-40%. In addition, the
study of success and the reasons for success of the forecasts made using
the models favors the choice of an optimum strategy in solving the problem
of a changeover to routine use of new versions of NMC prognostic models.

In conclusion the authors take the opportunity to thank the NMC staff and
in particular Doctor F. G. Shuman, NMC director, for the possibility afford-

ed for the thorough study of the different aspects of operations at the
US NMC.
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REVIEW OF MONOGRAPH 'ATLAS OKEANOV, T. II. ATLANTICHESKIY I INDIYSKIY OKEANY'
(ATLAS OF THE OCEANS, VOLUME II. ATLANTIC AND INDIAN OCEANS), Leningrad,
Voyenno-Morskoy Flot SSSR, 1977

Moscow METEOROLOGIYA I GIDROLGGIYA in Russian No 6, Jun 79 p 120
[Article by B. L. Yedskiy]

[Textj The USSR Navy has continued publication of the ATLAS OKEANOV (Atlas
of the Oceans), a fundamental scientific work reflecting modern knowledge
concerning the water medium of the world ocean and the air space over it,

The first volume, TIKHIY OKEAN (Pacific Ocean), was published in 1974, The
second volume, ATLANTICHESKIY I INDIYSKIY OKEANY (Atlantic and Indian
Oceans) was published in 1977, The maps included in the atlas were compil-
ed on the basis of Soviet and foreign scientific data, collected during
the entire history of study of the ocean, including during the IGY (1957-
1958), International Year of Geophysical Cooperation and IQSY (1964-1965),
accumulated in the USSR,

The first section of the atlas, "History of Investigation of the Oceans,"
consists of maps of geographic discoveries, maps of the most important
oceanographic expeditions working in the Atlantic and Indian Oceans from
the beginning of the 19th century to 1975, and also maps of Soviet oceano-
graphic expeditions in 1957-1975, making an outstanding contribution to the
investigation of these oceans.

In the section "Ocean Floor," there is a description of bottom relief, mor-
phometric characteristics, earthquakes and volcanoes, tectonics, geomorph-
ology, types of shores, bottom sediments, etc,

The section on 'Climate" gives information on the heat, water and circula-
tion regimes of the atmosphere. The section ends with a world map of cli-
matic zones and regions making it possible to judge the principal climatic
patterns of the Atlantic and Indian Oceans. As a result of allowance for all
the climate~forming factors it was possible to give a map of climatic re-
gionalization,

The section "Hydrology" consists of maps of temperature, salinity and den-
sity of waters and the speed of sound at the ocean surface and at different
depths, hydrological sections, maps of surface and deep currents, level
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fluctuations and waves and is the largest section in the atlas,

in the section "Geochemistry" all the available information on the chemical
regime of the waters of the Atlantic and Indian Oceans is presented with
adequate completeness, It contains information on the distribution of dis-
solved oxygen, biogenous elements, concentration of hydrogen ions and
alkalinity at the ocean surface and at various depths. Hydrochemical sec-
tions and hydrochemical regionalization of the oceans are given.

The section "Biogeography" is of special interest. It contains a lengthy de-
scription of the organic life in the ocean -~ from the intensity of photo-
synthetic processes to the distribution of marine mammals. It should be not-
ed that for the first time important information is given on the magnitude
of primary production, the biomass of zooplankton and bottom fauna, on bot~
tom trophic reglons, There is a detailed discussion of the distribution of
fish (herring, garfish, mackerel, sea perch, cod, flounder, croakers, salmon,
milkfish, and others), and also the distribution of geographic complexes of
commercial fish, :

The section "Reference and Navigational-Geographic Maps" contains maps of
terrestrial magnetism, astronomy, sea and air communications, medical-geo-
graphic conditions and distribution of sea animals dangerous for man. The
section ends with navigation-geographic maps at a scale of 1:12,000,000 and
also maps of the most important straits, ports and approaches to them.

We should note the diversity of information contained in the atlas, its high
sclentific level of generalization and exposition, high cartographic mastery
of the compilation and publication of maps and the aesthetic merits of the
latter. All this makes it possible to call the atlas a real achievement of
cartography in the 20th century.

The atlas is intended for scientific workers, officers of the Soviet Army and
Navy, captains and navigators of the merchant marine and fishing fleets.

The extensive materfial concentrated in the atlas is of great informative val-
ue, can be used successfully in teaching and without doubt will meet the
needs of the most inquiring reader.
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REVIEW OF MONOGRAPH BY G, I. SHVETS ENTITLED "MNOGOVEKOVAYA IZMENCHIVOST'
STOKA DNEPRA" (VARIABILITY OF RUNOFF OF THE DNEPR OVER THE CENTURIES),
LENINGRAD, GIDROMETEOIZDAT, 1978, 84 PAGES

Moscow METEOROLOGIYA 1 GIDROLOGIYA in Russian No 6, Jun 79 pp 120-121
[Article by Doctor of Techanical Sciences P, F. Vishnevskiy]

[Text] The reviewed book by G. I. Shvets is devoted to the timely problem
of hydrological irvestigations — a reconstruction of the annual runoff of
the Dnepr during tie past centuries. In solving this problem the author

has employed an original reconstruction method, as initial data using in-
formation on silt deposits in Sakskoye Lake (Crimea). The data used, cover-
ing the period from 2749 B.C., up to 1894, were published by B, V. Shostako-
vich on the basis of analysis of a column of deposits extracted in 1931 from
the thickness of lacustrine deposits, Shostakovich's data are highly re-
garded by many Soviet and foreign specialists. They have been used in an
investigation of climatic variations in the basin of the Caspian Sea, on
the Russian Plain during the historical period and in other investigations.,

The availability of parallel data on deposits in Sakskoye Lake and on the an-
nual runoff of the Dnepr at Lotshanskaya Kamenka during the period 1818-1894
made it possible to derive a correlation used in reconstructing the annual
runoff of the Dnepr during the period from 2149 B.C. through 1817 (Shosta-
kovich's data for the period 2294-2150 B.C, were not used).

As a genetic basis for derfving the correlation it was assumed, on the basis
of the conclusions drawn by many researchers, that the formation of river
runoff and deposits in lakes occurs under the influence of climatic factors,
the most important of which is precipitation. It can be added here that the
regime of atmospheric precipitation in the territory of formation of Dnepr
runoff and in the basin of Sakskoye Lake is determined by general synoptic
conditions.

The derivation of a computed correlation was a complex and extremely impor-
tant stage in the work. First the author had to evaluate the possibility of
using other initial data -- dendrological information, data on solar activity
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and so forth, carry out a detailed analysis of information on deposits, study
the conditions for the formation of deposits in Sakskoye Lake in a histor-
ical perspective, carry out graphlc and tabular comparisons, ete, in several
variants,

The annual runoff of the Dnepr, reconstructed for a long period (3,966 years),
is of exceptional interest in many respects, but naturally, the problem arises
of {ts suitability for practical use,

It should be noted that the author has devoted considerable attention to a
qualitative evaluation of the reconstructed runoff. In this case limited
possibilities dictated the use of a differentiated method for individual
periods. For the period 1818-1872 an evaluation was made by a comparison
with the "hydrometric" runoff; for the period 945-1817 -~ by a comparison
with the qualitative characteristics of runoff, determined for individual
years (of which there were 318) from different sources in the literature;
during the period from 2149 B.C, through 1716 ~- by comparison of periods
with an abundance and paucity of water with the moistening of European re-
glons as evaluated by different researchers. The author's general positive
evaluation of the reconstructed runoff and its sultability for practical
use causes no objections.

The reconstructed annual runoff values (for 3,966 years) were combined with
the available "hydrometric" runoff for the period 1818-1975 (158 years)

and it was possible to compile a continuous multicentury chronological ser-
ies with a duration of 4,124 years, for which there is no equal in world
practice. The author used this series for drawing some practical conclusions.

As a result of analysis of the variability of the annual runoff of the Dnepr
over a period of many centuries the author arrived at the following conclu-
sions: the variability of annual runoff occurs cyclically, without a one-
sided tendency; the alternation of cycles is a "mottled" pattern and does

not fit into a rigorous scheme with a regular change of cycles; the condi-
tions for the formation of runoff in the Dnepr basin developed earlier than
the investigated period and during a period of 4,000 years did not experience
significant change.

Very interesting conclusions were drawn in an investigation of the computed
parameters of annual runoff (norm, variation and asymmetry coefficients).
The computations of these parameters in 48 variants gave basis for recom-
mendations in computations using ordinary data series.

The book sets forth considerations on the limiting values of annual runoff
of the Dnepr, on the influence of human activity on runoff, considerations
on the representativeness of the conclusions drawn by the author,

The text of the book is written concisely, with an effort to validate the

postulated positions. It can only be noted that the section on the deriva-
tion of the computed correlation for reconstructing runoff should be set
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forth more clearly, without omitting technical details. Unfortunately, it
must be stated that Flgures 6 and 7, showing integral curves, are poorly
designed. These are unique curves, in graphic form illustrating the multi-
century varlability of runoff, and they should be presented on a larger
scale, The book has annoying misprints in Tables 7 and 12, However, the men-
tioned shortcomings do not lessen the overall positive evaluation of the
book,

The reviewed book of G. I. Shvets is a result of long=time purposeful work.
It 18 an example of a nonstandard approach to hydrological investigations,
Its most valuable part is a unique, multicentury, chronologically continuous
series of data on the annual runoff of the Dnepr (4,124 years). This series
1s a basis for hydrological, climatic and water management investigations
and computations, for characterizing the multicentury variability of geo~-
graphic phenomena, for validating new stochastic computation schemes and
prognostic dependences,

This book by G. I. Shvets is a significant contribution to the published hy-
drological research in our country.
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CONFERENCES, MEETINGS AND SEMINARS
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian Jun 79 pp 122-127

[Article by V. N. Zakharov, Yu. G. Slatinskiy, G, N. Danilova, G. V. Rudnev,
K. P, Vasil'yev and N. Z, Pinus]

[Text] During the period 12-13 December 1978, at the State Hydrological In-

stitute, there was a session of the Section on Surface and Ground Water Re-

sources and Water Balance of the Scientific Council "Multisided Use and Con-
servation of Water Resources" of the State Committee on Science and Technol-
ogy. Those present examined the principal results of work for evaluating

the possible changes in hydrological and hydrogeological conditions and

also water quality in regions of territorial redistribution of runoff.

In a generalizing report of the Deputy Director I. A. Shiklomanov, entitled
"Hydrological Principles of Interzonal Redistribution of Water Resources,"
the speaker presented the basic directions of research carried out by the
State Hydrological Institute ir collaboration with other organizations in
solving a broad range of problems in hydrological studies of the redistrib-
ution of runoff.

The section also heard other reports of the State Hydrological Imstitute,
including the following: N. M., Alyushinskaya, I. B, Vol'ftsun, O, D. Mar-
kova, Yu. V. Russ, 0. G. Sorochan: "Evaluation of Possible Changes in the
Water Balance and Water Regime in the Basin of the Ob' River in Relation
to the Territorial Redistribution of Runoff'; S. I. Kharchenko, V. V. Su-
marokova and K. V, Tsytsenko, "Change in Inflow into the Aral Sea in Rela-
tion to the Development of Irrigated Agriculture and Shifting of the Run-
off of Siberian Rivers"; I. B. Vol'ftsun, P. A. Ignat'yev, O. L. Markova
and R. A, Nezhikhovskiy, "Change in the Regime of Water Bodies in the
Northern Part of the European USSR in Realizing the First Stage in the
Project for the Shifting of Runoff"; R. V. Donchenko, "Evaluation of the
Possible Changes in the Ice and Thermal Regimes of Rivers Under the Influ-
ence of Shifting of Runoff."

A report entitled "Prediction of Changes in the Principal Indices of the
Quality of Surface Water Resources in Relation to the Shifting of Some of
the Runoff of Northern and Siberian Rivers into the Southern Regions of the
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Country" was presented by A, A. Zenin (Hydrochemical Institute).

In additlon to the scientists of the State Committee on Hydrometeorology, the
session was addressed by T. 1. Malinin (Institute of Lake Sclences USSR Acad-
emy of Scicnces) with a report entitled "Water Balance and Hydrological Re=
gime of Lacha, Vozhe, Kubenskoye Lakes and Possible Changes in Relation to the
Shifting of Runoff" and V. D. Grodzenskiy (All~Union Scientific Research In-
stitute of Hydrology and Engineering Geology) gave a report entitled "Evalu-
ation of Changes in Operational Reserves of Ground Water in Reglons of Shift-
ing of Runoff." A report was given by specialists of the All-Union Scilentific
Research Institute of Hydrology and Engineering Geology, B. Ye. Antypko, V. A.
Krivenkov and Ye. S. Shevlyakova, entitled "Preliminary Evaluation of Changes
in Regional Hydrogeological Conditions Along the Routes of Shifting of Run-
Offo"

In the adopted section resolution it was noted that specialists of the State
Hydrological Institute have evaluated changes in the hydrological regime of
watercourses along all routes of the initial shifting of runoff, taking into
account the influence of economic activity. Computations were made of the
discharges and levels of different guaranteed probability, heat and ice re-
gimes, flooding of floodplains along the Ob', Irtysh, Pechora, Sukhona, Sev-
ernaya Dvina, Onega and Neva Rivers,

The All-Union Scientific Research Institute of Hydrology and Engineering Geol-
ogy has prepared a prediction of changes in natural nydrogeological and geo-
logical engineering conditions under the influence of shifting of part of

the runoff of northern and Siberian rivers into the southern regions.

The Institute of Lake Sciences USSR Academy of Sciences has made an evalua-
tion of the present-day hydrological, hydrochemical and biological regimes
of Lacha, Vozhe and Kubenskoye Lakes., Specialists have computed the water
balances and prepared a forecast of the anticipated changes in the water
balance of lakes, their hydrological regime, hydrochemical and biological
indices in relation to the territorial redistribution of runoff,

The Hydrochemical Institute prepares a preliminary prediction of possible
changes in the chemical composition of water along the paths of shifting of
runoff,

It was established by the investigations made that the volumes and directions
of runoff shifting planned in the first stage will not result in large-scale
changes in the water regime, but will exert an influence on the regional

hydrological, hydrochemical and hydrogeological peculiarities of water bod-
les affected by the shifting of runoff.
At the same time it was noted that there is a lag in work on the preparation

of a forecast of changes in the quality of surface and ground water along
the routes of shifting of runoff. In the implementation of this aspect
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of the work there is not the necessary contact with institutes of a hydro-
blological profile. There are also other shortcomings in the research carr-
led out.

In a resolution attention was given to the need for concentration, in 1979-
1980, of the greatest attention to refinement of existing prognostic eval-
uations of hydrological, hydrochemical, hydrobiological and hydrogeolog=-
ical changes in regions of shifting of waters; development of simulated
mathematical models of river basins involved in schemes for the shifting
of runoff and individual paths along which such shifting occurs; evalua-
tion of change in the quality of water bodies in regions of paths of shift-
ing of waters on a unified methodological basis with clarification of the
hydroblological aspect of the forecast,

V. N, Zakharov

On 13 December 1978, at Sevastopol', there was a session of the Basin Sec-
tion of Southern Seas and the Indian Ocean of thc Sclentific Council on

the Problem "Study of the Oceans and Seas and the Use of Thelr Resources"
of the State Committee on Science and Technology. A study was made of the
preliminary results of complex investigations of the Mediterranean Sea,

the results of studies under the SKOICh-78 program, the draft of a plan

for expeditionary investigations in the basin of the Mediterranean Sea and
the Indian Ocean for 1979-1980, a plan for the activity of the section for
1979. Reports and communications were presented by I, M. Ovchinnikov (South-
ern Division Institute of Oceanology USSR Academy of Sciences), S. G. Bogu-
slavskly (Marine Hydrophysical Institute), Yu. P. Zaytsev (Odessa Division
Institute of Biology of the Southern Seas), V. A. Bryantsev (Sea of Azov
and Black Sea Scientific Research Institute of Fishing and Oceanography),
L. F. Yermakova (Sevastopol' Division State Oceanographic Institute) and
others., ’

It was noted in the reports and communications of participants in the ses-
sions that during recent years the scientific research institutes and es-
tablishments represented in the basin section have carried out a number

of interesting oceanographic, biological and fishing investigations in

the Mediterranean Sea basin. The Southern Division of the Institute of
Oceanology USSR Academy of Sciences and the Institute of Biology of the
Southern Seas Ukrainian Academy of Sciences are actively carrying out in-
vestigations throughout this basin, A great volume of work is also being
done by the subdivisions of the State Commlttee on Hydrometeorology. For
example, the Sevastopol' and Odessa Divisions of the State Oceanographic
Institute during 1974-1978 carried out five major expeditions in the Aegean
Sea aboard the scientific research ships "Mgla" and "Gakkel'." About 600
abyssal stations were occupied, extending over the entire area of the sea.
They collected extensive material (about 30,000 measurements) for studying
the chemical structure of the waters of the Aegean Sea and the migration
of contaminating substances through its waters, Particular attention was
devoted to those regions through which pass the busiest ship routes and
which can serve as potential centers of formation of the fields of con-
taminating substances. The results of the observations make it possible to
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compute the background concentrations of individual ingredients and the
possible ranges of their occurrence.

In 1978 expeditions of the Sevastopol' Division of the State Oceanographic
Institute for the first time carried out a survey (13 stations) beyond the
limlts of the Aegean Sea in the reglon of the abyssal Rhodes basin, which

made it possible to obtain new data on the variability of the hydrological
and hydrochemical characteristics in the Eastern Mediterraneat Sea.

The participants in the session devoted much attention to the results of
work in the Black Sea under the SKOILCH~78 program. Interesting observa-
tions of the varlability of geophysical fields with the use of satellite
information were carried out by the Marine Hydrophysical Institute Ukrain-
ian Academy of Sciences aboard the scientific research ship "M. Lomonosov."
The Odessa Division of the Institute of Biology of the Southern Seas in
1978 continued its long-term work for studying the structure of the bio-
logical associations in the northwestern part of the Black Sea. Interest-
ing data have been obtained on the dynamics of coastal phenomena and fluc-
tuations of biological productivity in individual reglons of the sea., An
unusual catalogue of fishkill phenomena was compiled. This type of work has
been done since 1973. The collected data make it possible to detect centers
of occurrence of fishkills and proceed to the development of practical recom—
mendations on contending with this phenomenon.

A great volume of work has also been done by the subdivisions of the State
Committee on Hydrometeorology. In 1978 the Sevastopol' Division of the
State Oceanographic Institute, in collaboration with the Odessa Division

of the State Oceanographic Institute, the Northern Caucasus Administration
of the Hydrometeorological Service and the Administration of the Hydro--
meteorological Service of the Ukrainian SSR carried out 20 expeditions with
a total duration of 450 days. More than 3,000 hydrological stations were
occupied both in the coastal zone and in the open sea. New data were ob-
tained for evaluating the scales of water and salt exchange between Tagan-
rog Gulf and the Sea of Azov. Thirteen multiday stations were occupiled along
a line between Dolgaya and Belosarayskaya spits (244 serles of observa-
tions); 10 automatic buoy stations and bottom units were set out. This made
it possible to obtain more than 1,000 horizon-days of observations of cur-
rents. Similar work has been done in Kinburnskiy Strait at the point of

the projected dam, which should transform the Dnepr-Bug estuary into a
gigantic reservoir of fresh water with a volume greater than five cubic
kilometers,

The most interesting expedition was carried out in November 1978 aboard the
scientific research weather ship "G. Ushakov." Specialists of the scientif-
ic research institutes of the State Hydrometeorological Committee and other
departments participated in the expedition. Also participating in the ex~
pedition was a large group of scientists from the Socialist Economic Bloc
countries: East Germany, Poland, Romania and Bulgaria. There was an inter-
calibration of methods for determining the chemical composition of sea
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water, experimental observations of the settling and scattering of finely
dispersed fractions of hydrocarbons at the water-atmosphere discontinuity,
tests of new equipment for the setting out of automatic buoy stations and
containers of the towed measuring complex, a hydrochemical survey of the
western half of the Black Sea and other studies,

While noting the indisputable achievements in the development of research in
all the basic directions of study of the southern seas, the plenary session

of the basin section also noted a number of unsolved problems in the organ-

ization of these studies.

Yu. G, Slatinskiy

The first scientific and technical conference devoted to the rational use
and conservation of the water resources of Rostovskaya Oblast was held at
Rostov-na-Don during the period 15-16 December 1978.

Participating in the work of the scientific and technical conference were
more than 200 persons —- representatives of the basin administrations, san-
1tary-epidemiological stations, scientific research institutes, major in-
dustrial enterprises of the oblast, Party and soviet agencies. The confer-
ence heard 26 reports, which with respect to the substance of the considered
problems can be arbitrarily divided into three groups.

In the first group of reports the authors examined problems relating to the
state of water resources in Rostovskaya Oblast in thelr close relationship

to the state of land and forest resources. The need for studying the state

of water resources was dictated by the productive activity of human society
and therefore a study must be made of the factors leading to their qualita-
tive and quantitative exhaustion. These problems were discussed in reports

of specialists at the Oblast Administration of Melioration and Water Manage-
ment, Northern Caucasus Sclentific Center of the Higher School, Yuzhgiprovod-
khoz, Novocherkasskiy Engineering-Melioration Institute, Yuzhgiprozem, Sevkav-
giprosel'khozstroy.

= The conference noted that the principal means for rational complex use of
water resources are: saving of water by a decrease in its consumption per
unit of production, increase in the efficiency of irrigation systems, use
of progressive methods and techniques for the watering of irrigated lands,
automation of water distribution, and also introduction of systems for cy-
clic water supply, repeated use of water in industry and agriculture, redis-
tribution of runoff within the region, use of modern methods for the purif-
ication of waste waters and their use for the irrigation of agricultural
fields.

A second group of reports gave a thorough analysis of the present state of
the quality of surface waters in Rostovskaya Oblast and the tendencies in
its changes during a long-term period of observations.
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These were primarily the reports of specialists of the Hydrochemical Inst-
1tute.

A third group of reports, presented by specilalists of the Don Basin Admin-
istration for Regulating the Use and Conservation of Water Resources, Novo-
cherkasskly Polytechnic Institute, sanitary-epidemic stations, Volga-Don
Aifiliate of the All-Unlon Sclentific Research Institute of Surface Active
Substances, dealt in detail with the sources of contamination of surface
waters in Rostovskaya Oblast,

It was noted at the conference that in cities and populated places, at in-
dustrial and agricultural enterprises in the oblast, work is being done on
the construction of gewage and purification structures} systems for the cy-
cling of water supply and water-cycled technological processes are being in-
troducedy a rigorous statistical inventory of the used water has been set
up; new water supply and interregional water lines are under construction.
In addition to the measures ensuring reduction of the discharge of unpurif-
ied waste water, work is being done on the sanitizing and certification of
purity of small rivers and a plan 1s being drawn up for carrying out a com-
plex of measures in the water conservation zones of the Don and Severskiy
Donets Rivers,

It was noted at the conference that as a result of the organized purification
of waste water and the repeated use of waste water there has been a consid-
erable reduction of its annual discharge into the water bodies in the ob-
last. For example, in 1977 a total of 460 tons of valuable substances were
removed from the waste water; this had an economic effect of 6.0 million
rubles, At the same time, waste waters of cities, enterprises and agricul-
tural complexes are still being dumped into the water bodies of the oblast
without purification or with inadequate purification.

The enterprises of the metallurgical, coal, machine building, light, food
and other branches of industry remain the principal contaminants of water
bodles in the neighborhood of Taganrog, Rostov, Azov, Sal'sk, Kamensk,
Sulin, Chertkovo, and elsewhere.

The conference noted a whole series of important problems and tasks in the
further improvement in use of the water resources of Rostovskaya Oblast.
These must be dealt with during 1979-1985 and include:

~— by the end of 1980, in a number of cities and industrial enterprises,
end the construction of all water cohservation projects, ensure cessation
of the discharge of unpurified waste water, complete meliorative work on
the Temernik River and end the cleaning up of eight small rivers contamin-
ated by the wastes of mines and industrial enterprises;

-~ the carrying out of the construction of water conservation projects at
kolkhoz enterprises in the oblast, particularly at livestock complexes

and farms; strengthen water conservation zones along small rivers, the Don
and the Sev. Donets}

173
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100090012-8



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100090012-8

FOR OFFICIAL USE ONLY

-~ the prevention of contamination of water bodies by waste waters from
rice irrigation systems by means of restricting the use of poisonous chem=-
fcals and herbicides and thelr replacement by substances harmless for water
bodies, and also the introduction of repeated use of water;

-- an increase in the effectiveness of use of state irrigation systems and
irrigation based on local runoff, with provision being made for the maxi-
mum use of waste waters of citles, livestock complexes and farms and mine
waters.,

It was noted at the conference that the problem of preserving the environ-
ment, including the conservation of water, land and forest resources, is
more and more acquiring an extradepartmental character and an ever-greater
number of different specilalists are being involved in this work.

The conference materials, being of great interest for a broad scientific

community, will be published.
G. N. Danilova

During the period 25-27 October, at Moscow, there was an all-union sci-
entific and technical conference with the participation of delegates from
the socialist countries of Europe on th2 theme: "Investigation of the Ag-
roclimatic Resources of a Territory and Experience in the Hydrometeorolog-
ical Servicing of Agriculture," organized by the Central Administration of
the Scientific and Technical Division of Agriculture, the State Committee
on Hydrometeorology and the All-Union Exhibition of Achilevements in the
National Economy USSR. The conference was attended by 180 specilalists of
institutes of the State Committee on Hydrometeorology, USSR Agriculture Min-
istry, academic institutes, and the hydrometeorological (meteorological)
services of the German Democratic Republic, Hungary, Bulgaria and CzSSR.
Twenty-five reports and communications were presented on the role of the
Scientific and Technical Society of Agriculture in the hydrometeorological
support of agricultural production, methods for evaluating agroclimatic
resources and the state of plants, or methods for agrometeorological fore-
- casts.

It was pointed out in a report by the author that during the last decade
there has been considerable development of contacts between the Hydro-
meteorological Service and the Scientific.and Technical Society of Agri-
culture, established through the network hydrometeorological institutes and
the agrometeorological sections of peripheral organizations of the Scien-
tific and Technical Society of Agriculture. These contacts are directed to
the broad popularization of hydrometeorological materials, which favors

an increase in the sophistication of agriculture and the productivity of
agricultural work as a whole. The most complete effectiveness of hydro-
meteorological information will be achieved when agricultural workers are
widely informed concerning the content and sources of this information and
its use in everyday work. Contacts between agriculture and the hydrometeor—
ological service through the Scientific and Technical Society of Agriculture
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must be speclally developed with the introduction of automated systems 1in-
to agricultural production, developing on the basis of interkolkhoz cooper-
atlon and agroindustrial integration.

Lt was demonstrated in a report by V. A, Smirnova that in agriculture, where
economic processes are closely intertwined with natural processes and are
essentially dependent on the latter, the problem of rational distribution

of production cannot be successfully solved without a detailed study of the
environment. Calculation and evaluation of natural resources precede an
economic analysis. The conclusion is drawn that plans drawn up on the basis
of an inventory of natural resources help in a critical analysis of economic
feasibility and desirability of the developing distribution of agricultural
crops and will help in formulating recommendations for its improvement.,

Lt was demonstrated in a report by A. P, Fedoseyev and V. V. Vol'vach that
the essence of the hydrometeorological validation of agrotechnical and mel-
lorative measures to all intents and purposes can be reduced to the develop~
ment of a sclentifically sound scheme for taking hydrometeorological data into
account in organizing the technology of sowing of agricultural crops as a
unified purposeful system, This system consists of a group of optimized sub-
systems or special systems for working the soil, sowing (planting), fertil-
izing, care for plants, irrigation or drainage, protection of plants, etc.
Tt is emphasized that there are considerable reserves for increasing the
effectiveness of use of hydrometeorological information for the validation
and rational re:lization of schemes for the cultivation of agricultural
crops.

In a report by O. D. Sirotenko, et al. a study was made of a simulation mod-
el of the "soil-plant-atmosphere" syetem, constituting a closed system of
differential equations describing the processes of exchange of heat, mois-
ture and carbhon dioxide in two contacting media -- the surface air layer

and the soil, "sewn together" by plants. The results of these studies make
1t possible to raise the question of the development and introduction of

an automated system for the agrometeorological support of agriculture based
orn a methodology common for all crops, that of dynamic models, a unified
information base, the extensive use of electronic computers and data from
remote measurements.

Yu. I. Chirkov reported on the results of joint work on study of the agro-
climatic resources of the socialist countries of Eurcpe.

E. V. Rhershkovich (Bulgaria) reported on major agroclimatic investiga-

tions carried out earlier and being carried out at the present time and
used In practical agricultural production in Bulgaria.

A report by Pal Bozou (Hungary) described the results of investigations of
agroclimatic resources in Hungnry.

Josef lrbec (CzSSR) reported on agrometeorological problems in the agricul-
ture of the CzSSR.
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A number of communications dealt with the results of work on problems in-
volved in evaluating the agroclimatic and microclimatic resources for
planning the distribution of agricultural crops, hydrological support of
irrigated agriculture and other methodological problems,

It 18 recommended in an adopted resolution, in particular, that measures be
taken for accelerating the creation of a bank of agrometeorological data,
and also methods for processing operational and regime agrometeorological
information on an electronic computer, diszeminating more widely the attain-
ments of agrometeorological science and the leading experience of the agro-
meteorology sections of the Scientific and Technical Soclety of Agriculture
in agricultural journals and newspapers, and also in the "Hydrometeorolog-
ical Service'" pavilion at the USSR All-Union Exhibition of Attainments in
the National Economy.

G. V. Rudnev

During the period 29 January-2 February, at the WMO, there was an unofficial
conference on the planning of complex study of the observation system over
the ocean,

At the conference those in attendance examined the means for proposed inves-
tigations for determining the role of the observation stations in the North
Atlantic (OSNA) in the combined observation system for the North Atlantic
reglon, necessary for the satisfaction of both operational and scientific
requirements.

Also considered were the results of investigations of the importance of OSNA
observational data for hemispheric numerical analyses and medium-range weath-
er forecasts (Great Britain) and prediction of storm-induced level changes
(Netherlands). Also discussed was a draft of the work plan for the Commis-
sion on Basic Systems (CBS) of the WMO for study of a combined system of
ocean observations,

As a result of the discussion recommendations were formulated on the follow-
ing matters:

-~ the significance of the network of OSNA stations for operational, re-
search and climatological purposes;

-- further investigations of the working group of the CBS for study of a com-
bined system of ocean observations;

— implementation of an additional study of the influence of OSNA data on
numerical weather forecasting models with an advance period up to 24 hours
for a local region and on the quality of storm warnings;

-- a detailed investigation of structure of an ocean observation system
based on data obtained after ending the First Global Experiment program.

K. P. Vasil'yev
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The Seventeenth General Assembly of the International Union of Geodesy and
Geophysics (IUGG) will be held during the period 3-15 December 1979 at Can=
berra, Australia; the IUGG includes the International Assoclation of Meteor-
ology and Atmospheric Physics (IAMAP),

An TUGG assembly is held once each four years, Earlier assemblies were held
in Europe (Helsinki, 1960; Luzerne-Zurich, 1967; Moscow, 1971; Grenoble, 1975)
and in North America (Toronto, 1957; Berkeley, 1963), For the first time, on
the invitation of the Australian Academy of Scilences, the IUGG will meet in
the southern hemisphere. The site of holding of the assembly, as will be

seen from what follows, will find a definite reflection in the scilentific
program of its work.

At the assembly attention will be given to organizational problems related
to the further development and international coordination of work in the
field of geodesy and geophysics (including meteorology and physics of the
atmosphere). The directorates of the IUGG, its assoclations and the inter-
national commissions of the associations will be elected,

In accordance with established tradition, at the assembly there will be or=

ganization of interassociation scientific symposia and symposia of individ-

ual associations. A series of papers will be presented on modern and timely

problems, in particular on the problems "Climates of the Earth" and "Weather
Forecasting."

The Interassociation symposia in which there will be participation by the
International Association of Meteorology and Physics of the Atmosphere, the
International Association of Physical Sciences of the Ocean (IAPSO), the
International Association of Hydrological Sciences (IAHN) and other asso-
cilations will be devoted to the following important geophysical problems:
1. Geochemical evolution of the atmosphere, oceans and the crust.

2. Sea level, ice sheets and climatic variations.

3. Problems of coastal and mouth zones (including breezes).

4, Origin and structure of the Antarctic Ocean.

5. Interaction between changes in the earth's rotation and geophysical
phenomena,

6. Volcanism and climates.

7. Oceanic and atmospheric boundary layers.

8. Mean atmosphere.

9. Tidal interactions.

10. Contribution of geodesy to oceanography.

A special symposium under the direction of the IUGG board will be devoted
to the problem "New Technology of Geophysical Equipment."

The IAMPA has planned a major program. It is organizing the following sym-
posia at the assembly:
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1. "Numerical Weather Forecusting for Intermediate and Long Periods." This
symposium will devote its particular attention to long-range weather fore-
casting, evaluation of the behavior of numerical prognostic models in in-
tegration from several days to several weeks, evaluation of the resolution
of the modeled physical processes and stipulation of the initial and boun-
dary conditions, evaluation of the theoretical and attainable limits of
predictability.

2, "Role of Atmospheric Electricity in Solar-Terrestrial Relationships,"
Plans call for devoting particular attention at this symposium to electric
phenomena at all levels, galactic cosmic radiation, solar radiation, inter-
planetary medium, magnetosphere, upper atmosphere and troposphere, statis-
tical data processing and evaluation of the significance of solar~terres-—
trial relationships,

3. A large symposium will be devoted to modern attainments in the fileld of
meteorology of Antarctica and the Subantarctic, at which plans call for
examining problems related to synoptic meteorology and data transmission,
heat and moisture transfer, planetary boundary layer, energy budget of the
underlying surface, influence of the Antarctic atmosphere on global climate,
remote sounding of the atmosphere and the underlying surface.

4, "Climatic variations." It is proposed that this symposium be devoted to
theoretical and experimental investigations of climate with a period of
100,000 years, climatic variations during the course of the last century

on the basis of observations of fluctuations of temperature and circula-
tion in the atmosphere and ocean, detection of real variations against a
background of effects associated with the observation method and their pos-
sible reasons.

5. "Composition of the Atmosphere and Climate." The symposium will examine
the results of investigation of the composition of the atmosphere in the
southern hemisphere and problems relating to the potential effect on weather
and climate. In particular, plans call for discussing problems relating to
the general and regional composition of the atmosphere in the tropical, tem-
perate and polar latitudes, historical data on atmospheric composition ob-
tained from tree rings, the ice caps, sedi-entary rocks in the ocean and
other sources, the influence of exchange between the hemispheres on the
composition of the atmosphere in the southern hemisphere, influence of south-
ern hemisphere oceans on composition of the atmosphere, investigation of
composition of the stratosphere, and global models of the stratosphere.

6. "Meteorology of the Upper Atmosphere." A major symposium will be devoted
to this subject. There will be a discussion of problems relating to tue
agreement between theoretical models and observational data, the results

of investigation, on the basis of empirical data, of the spatial-temporal
variability of parameters in the stratosphere and mesosphere, large-scale
circulation, ozone distribution, dynamics, diffusion and turbulence, plan-
etary and gravitational waves, interaction of waves, energy transfer, new
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data on the properties of waves, hypotheses of solar-terrestrial relation-
ships, which could be included in numerical prognostic models,

7. One symposium will be devoted to radiation processes in the atmosphere.
It 18 proposed that these processes be examined in the light of general
problems in meteorology, especially in the southern hemisphere.

8. "Remote Measurements of Cloud Parameters," Those in attendance will examine
the use of remote methods for sounding for measuring atmospheric parameters
important for the formation of clouds and precipitation, present status of
satellite, airborne and surface measuring systems and the results of their
practical application.

As we see, the subject matter of the symposia will give some idea concerning
the directions and possibilities of international cooperation and coordin-
atlon of scientific investigations in the field of meteorology and physics
of the atmosphere.

At the Inderdepartmental Geophysical Committee of the Presidium USSR Acad-
emy of Scilences, with the participation of the USSR State Committee on
Hydrometeorology and Monitoring of the Environment, Ministries of Higher
and Intermediate Special Education and other departments, active prepara-
tions are being made for the participation of Soviet scientists in the im-
pending international forum of geophysicists.
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NEWS FROM ABROAD
Moscow METEOROLOGLYA I GIDROLOGIYA in Russian No 6, Jun 79 pp 127-128
[Article by B, I. Silkin]

[Text] In recognition of the outstanding successes of Soviet science in the
field of atmospheric studies, Corresponding Member USSR Academy of Sciences
Mikhail Ivanovich Budyko has been elected an Honorary Member of the Amer-
ican Meteorological Socilety.

kkk

As reported in SCIENCE NEWS, Vol 114, No 4, p 55, 1978, the Consultative
Commission on Weather Modification (United States), established in 1976,
consisting of 17 outstanding American meteorologists, has formulated its
recommendations for the next two decades,

In these recommendations it is pointed out, in particular, that there is a
real possibility, by the 1980s, by artificial modification, for increasing
by 10-30% the snow cover in the mountains and precipitation in the form

of rain in the plains region situated directly to the east of the Rocky
Mountains and in the Middle West. In addition, by the 1990's it will be
possible to decrease the intensity of hurricanes by 10-20% and bring about
a 50% decrease in the frequency of recurrence of hailfalls over the terri-
tory of the entire country. '

In organizational respects it 1s recommended that the US Commission on
Use of Meteorological Resources be combined with NOAA,

In the opinion of the Consultative Commission, the development and improve-
ment of the cloud "seeding" method for the modification of precipitation
requires an increase in appropriations up to 37 million dollars in 1980

and up to 90 million dollars in 1985, There is also need for a deeper

study of the social and economic aspects of weather under the influence

of man's purposeful actions.,

k%%

180

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100090012-8



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100090012-8

FOR OFFICIAL USE ONLY

As reported in EDIS: ENVIRONMENTAL DATA AND INFORMATION SERVICE, Septem-
ber 1978, p 16, in June 1978 a new sclentific institute was established
in the United States =-- an information center for the shores of the Great
Lakes == in Ann Arbor, Michigan. The center has the responsibility for
supplying local official agencies, industrial institutes, and organiza-
tions involved in preservation of the environment with information on

the state of the waters and shores of this region, places of storage of
detailed information, existing local peculiarities of the rules and laws
for land and water use.

Simlilar centers already exist in the northwestern and northeastern Pacific
Ocean coastal zones of the United States, A distingulshing characteristic
of the new center is that specilalists not only of the United States, but
also Canada, to which the northern shores of the Great Lakes belong, will
participate in its work,

The new center is subsidized by NOAA, which has allocated $50,000, and the
University of Michigan, which has assigned the center $25,000,
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OBITUARY OF VASILIY VLADIMIROVICH SHULEYKIN (1895-1979)
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 6, Jun 79 p 128

[Article by members of the Board of the USSR State Committee on Hydrometeor-
ology and Environmental Monitoring]

[Text] Soviet science has experienced a heavy loss., On 25 April death took
from the ranks of Soviet sclence an outstanding researcher and teacher,
) the founder of marine physics, Academician Vasilly Vladimirovich Shuleykin.

All our present-day marine researchers have been trained using the studies
of Vasiliy Vliadimirovich and very many received the basic sum of their know-
ledge of the sea at his brilliant lectures at the Moscow Hydrometeorological
Institute and at the Moscow State University imeni M. V. Lomonosov, at which
he headed the departments which he organized there.

An entire epoch in gedgraphic research, the formation of an independent
branch of this science, physics of the sea, is associated with the name

V. V. Shuleykin.

Energy, purposefulness and exceptionally high work capacity were character-
istic of Vasiliy Vladimirovich, He wrote his first study in the field of
electrical engineering in 1916. In 1929 he organized the Black Sea Hydro-
physical Station at Katsiveli. That same year he was elected a Correspond-
ing Member USSR Academy of Sciences.

At the beginning of the 1930's V.